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DESCRIPTION. 


An Act of Congress making appropriation for the naval 
service, approved July 1, 1902, authorized the construction of 
two 12-knot gunboats of about 1,000 tons each, all parts of 
which were to be of domestic manufacture. 

Bids for the construction of both vessels were duly adver- 
tised, and the contracts for their construction awarded separ- 
ately to the Gas Engine and Power Company and Charles L. 
Seabury & Company, Consolidated, of Morris Heights, New 
York. 

The contract for gunboat Wo. 17, the Dubuque, is under 
date of May 29, 1903. For gunboat Wo. 78, the Paducah, the 
sister ship, the contract was not signed until July 6, 1903, 
after re-advertisement. 

The contract price for the Dubuque was two hundred and 
ninety-five thousand dollars. For the Paducah it was three 
hundred and fifty-five thousand dollars. 

This price was for hull, machinery and equipment, except- 
ing stores, and provided for the installation of the armament 
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and ordnance outfit, complete, by the contractors after it is 
supplied by the Government. 

The contract time for completion of the Dubugue was 
twenty months ; afterwards extended, because of difficulty in 
obtaining materials and because of strikes and labor condi- 
tions in vicinity of works, six months, to June 1, 1905. 

For the Paducah the contract time for completion, twenty 
months, was extended four nonths, to July 6, 1905. 

As these vessels are, one built and the other building, from 
the same plans and specifications, prepared by the Navy De- 
partment, a description of one should suffice for the other. 

The Dubuque is a composite-built gunboat of 1,080 tons 
displacement, with two masts, two funnels, flush main and 
gun decks and an interrupted berth deck. The principal 
dimensions and characteristics of the hull are as follows: 


PRINCIPAL DIMENSIONS OF HULL. 


Length between perpendiculars, 174 
Depth, molded, main deck, feet and 22- 9f 
Draught, normal, mean, feet and inches............ ‘chmaiaababchewsankey I2- 3 
mean on trial, feet and inches........ 12- 3 
Displacement, normal draught, toms..... 1,085.3 
per inch at L.W.L,., normal draught, tons........... 10.5% 
Area midship section to L.W.L., normal draught, square feet.... 348 
L.W.L. plane (draught 12 feet 3 inches), square feet :....... 4,470.7 
Center of gravity of L.W.L. plane abaft M.S., inches........,....++. 3 
buoyancy above bottom keel, feet and inches............ 7- 3 
forward of M.S., feet and inches................. 2-114 
Transverse metacenter above center of buoyancy, feet and inches.. 9 4 
Longitudinal metacenter above center of buoyancy, feet...... coves 194 


Cylindrical coefficients, 

-904 
Number of frames............ 116 
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ARMAMENT. 


Six rapid-fire 4-inch guns; four rapid-fire 6-pounders ; two 
rapid-fire 1-pounders; two Colt automatic. 

The ship is propelled by twin outward-turning screw pro- 
pellers driven by a pair of three-cylinder triple-expansion en- 
gines. Steam is generated by two Babcock & Wilcox marine 
boilers under a gauge pressure of two hundred and sixty-five 
pounds per square inch, intended to be reduced to two hun- 
dred and fifty pounds (maximum) at the engine. 
No armor or protective decks are present. 


HULL, 


The above water form of the hull is unique in appearance 
for a naval vessel although not uncommon in a steam pilot 
boat or light ship. The stem slopes well aft below the water 
line and the heel is reduced or cut away for ten feet from 
stern post to facilitate turning and to mimimize the tactical 
diameter. 

The flaring bow affords excellent deck space for working 
the anchor gear and should be advantageous in a head sea. __ 

The rudder, which is of bronze, of the barn-door type, is 
suspended by three pintals on its forward edge and its lower 
edge is thirty-three inches above the lowest part of the keel 
and is about in line with the heel. Its area is fifty-two square 
feet. 

The frames of the hull above the floors are fifteen-pound 
channel bars, spaced twenty inches apart, excepting near the 
bow and the stern. 

The vertical keel is thirty inches deep between inner 
and outer bottoms, lightened by oval holes. The depth 
is uniform between frames 28 and 100, decreasing for- 
ward. Under the engine room, seven feet each side of the keel 
plate, are longitudinals between inner and outer bottoms. On 
the starboard side the longitudinal girder merges into the 
bunker bulkhead. On the port side it ceases at the fireroom ; 
the port bunker (fireroom) bulkheads extending to the outer 
bottom. Additional intercostal girders support the inboard 
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seatings for the engine bed .plate. Below and for twenty-six 
inches above the water line the hull is sheathed and coppered. 
Excepting for a small space above the bilges the hull is plated 
overall, the plating being about fourteen pounds to the foot. 
Under the boilers and magazine spaces are water bottom com- 
partments, seven in all, having a capacity for forty-eight and 
eight-tenths (48.8) tons of fresh water. Four of the compart- 
ments under the boiler compartment are fitted for reserve tanks, 
and have an average capacity each of four and thirty-five-hun- 
dredths (4.35) tons of fresh water. These reserve tanks can be 
pumped from one to another. There is a trimming tank for- 
ward, of 525 cubic feet capacity and one aft of 214 cubic feet 
which can be pumped through the secondary drain, and filled 
from the sea or through hose and manhole at top. 

The planking is from four and one-half to three-inch yellow 
pine. 

The berth and gun decks are steel throughout, covered with 
linoleum. The main deck is stiffened by stringers, waterways 
and plating in the waist and planked overall. 

On the main deck are the pilot and chart house, over which 
is the bridge, equipped as customary with electric and mechani- 
cal annunciators to engine room and an electric revolution 
indicator from each engine shaft of the vibrating-arrow type. 
Abaft and contiguous with the pilot and chart house is the 
galley, followed by the boiler-room hatch and two funnels, an 
athwartship passage, a wireless-telegraphy house, the engine- 
room hatch, an athwartship passage, hatch to berth deck, 
ward-room skylight, standard compass platform, main mast, 
hatch to “cabin country,” and, finally, the hand-steering gear. 

The gun-deck space is divided and occupied as follows, the 
spaces considered in order from forward : 

A paint room in the eyes of the ship contains numerous 
tanks (nine), with glass gauges, for oil; others (five) for mixed 
paints and dry materials. It is lighted, as is the gun deck, 
throughout by air ports and dead lights of ample size, and is 
well fitted with shelves. Abaft the paint room is a midship 
passage flanked by the crew’s water closet on the starboard 
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side and the crew’s wash room on the port side. In the pas- 
sage are valves controlling the head-flushing system, three 
spigots for salt water from same pipes and a locked spigot for 
fresh water. ‘The crew’s lavatory contains seven tilting and 
removable glazed basins, each under a spigot and over a trough, 
and four shower compartments, with hot-water facilities and a 
spigot for bucket filling. 

In the next compartment, the second from forward, are the 
steam capstan engine, worm wheel and vertical shaft, and two 
chain compressors of the ordinary type; on the starboard side, 
the ship’s prison and scuttle butt; on the port side, a store- 
room and a large ice chest; next are two 4-inch mounts and 
ports, one each side. Under the pilot house is the armory. 

In the third compartment are, amidships, the firemen’s wash- 
room, with six basins and spigots, two shower baths, and a 
fresh water tank of 300 gallons capacity, tiled floor, two mounts 
each side for 6-pounders, the fireroom hatch way and drum 
rooms, in the wake of which, amidship, is the machine shop, 
containing a lathe, shaper, drill press and a tool grinder driven 
by an electric motor ; also a small bench with two vises. 

Abaft the machine shop is the engine-room hatch trunk, 
extending, as do all principal bulkheads, from ship’s bottom 
to the main deck, abaft of which is the main hatch to main 
and berth decks. Abreast those hatches are the following 
rooms: starboard side—pay office, executive officer’s office, 
executive officer’s room; port side—engineer’s office, ward 
room Officer’s lavatory, bath room and water closet. 

Next occurs bulkhead No. 82, abaft of which is the ward- 
room officers’ mess-room amidship and on port side, pantry 
amidships, flanked and succeeded by eight state rooms and 
a passage. The captain’s cabin, aft of all, extends from side 
to side abaft bulkhead No. 105, and is about 15 feet wide by 
13 feet long. Off and forward of the cabin are one state- 
room on starboard side and cabin pantry on port side. In 
the overhanging stern and over tiller room is the captain’s 
lavatory, with bath and water closet of the yacht type, with 
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tiled floor. The ’tween-deck distance is six feet three inches 
in the clear. 

The berth deck is interrupted by the machinery spaces with 
neither bulkhead doors nor passages to connect fore and aft. 

In the bows over the trimming tank are the sail room and 
equipment store room to frame 17; crews’ space to frame 45, 
with an intermediate watertight bulkhead at frame 27. In 
the forward of these two berth-deck crew spaces, 2. e., compart- 
ment A-11, are located three 120-fathom hawser reels, leads 
to chain lockers and hatches to store room below. In the 
second crew space, compartment A-12, are the hatches to fore 
hold and forward inagazine, the steering-engine and dynamo- 
engine room. 

After berth-deck spaces from engine room are the dispen- 
sary, sick bay and petty officers’ and marines’ quarters ; abaft 
of which space, with a watertight bulkhead and door between, 
is the mess attendants’ quarters, three store rooms and tiller 
room. ‘The absence of a steering engine and dynamo engine 
from aft affords unusual space for crew and stores in this part 
of the ship. The tiller arc or quadrant fits closely under 
the gun deck, occupying very little space. 

The sick bay has six beds of the folding or close-stowing 
type, no woodwork in vicinity excepting oak desks and 
drawers indispensary. All light bulkheads are of corrugated 
galvanized iron. A ventilating electric blower of 2-horse- 
power is located in a recess on starboard side of after berth- 
deck passage, 7. é., in the mess attendants’ quarters. 

Below the berth deck, forward of the machinery spaces, occur 
the trimming tank, dry provision, general and construction 
store rooms and the forehold (with cable tier) as far as frame 
33- In this hold outboard, forward of and adjacent the for- 
ward magazine, are the two main fresh-water tanks. Between 
these tanks in separate compartments are the electrical and 
ordnance stores. The forward magazine is situated between 
bulkheads at frames 36 and 45. The 6 and 1-pounders are 
stowed outboard and the 4-inch amidship. Between the for- 
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ward magazine and boiler space the bulkhead is sheathed with 
asbestos millboard and an air space is provided. A similar 
provision is made for the protection and ventilation of the 
forward bulkhead of the after magazine in wake of the engine 
room. 

Below the berth deck abaft the machinery spaces, on the 
port side of the shaft alley, are the paymaster’s small stores 
and petty officers’ stores. On the starboard side, and entered 
from the starboard-shaft alley, are the machinery stores. In 
the wake of these store rooms are the small-arms and 4-inch 
magazine and handling room as far as frame 92, abaft of which 
are the navigator’s stores, flanked by hospital stores on port 
side and marines stores on starboard side, to frame 98. Pay- 
master’s stores occupy the remaining space aft to the trim- 
ming tank. 


BOATS. 
The boats carried are: 
Capacity, Pounds water 
men. and provisions. 
One 28-foot steam cutter, . ‘ 35 350 
One 28-foot cutter, . ‘ 40 400 
Two 26-foot cutters, each . 30 300 
One 28-foot whaleboat, 23 230 
One 28-foot gig whaleboat, ‘ 16 160 
One 18-foot dinghy, . é F 10 100 
Two 12-foot punts. 
COMPLEMENT. 

Commander, ; ; I 
Wardroom officers (staterooms), . 
Engine-room force, _.. 29 
Seaman branch, . 3 . 73 


Total, 
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The drainage system includes a 7}-inch galvanized, lap- 
welded steel main drain }-inch thick, with terminal suctions 
in afterend of fireroom and engine room, amidships of, and 
a secondary drain of 4-inch galvanized lap-welded steel pipe 
;'s-inch thickness extending from forward end of the boiler 
compartment to the after engine-room bulkhead. Second- 
ary drain manifolds are located—one (No. 1) in starboard 
passage at forward end of boiler compartment, with leads to 
fore holds and chain lockers, and one at the after engine-room 
bulkhead nearly amidships, with leads to the shaft alleys and 
afterbody bilges. Valves controlling the suction forward and 
aft of the machinery spaces are of the stop-check type, and 
operated on berth deck, except in shaft alleys, which are opera- 
tive at the valve only by handwheel below floor plates in 
engine room. ‘The main drain is connected bya 53-inch gal- 
vanized steel pipe, with both main circulating-pump suction 
pipes. This connection is made operative by first closing the 
main injection valve, which act releases and permits the open- 
ing of the bilge suction valve at the circulating pump in 
question, and then opening the 7}-inch special stop check 
valves operated on gun deck or above floor plates near after 
bulkhead amidships, one in engine room and one in boiler 
compartment. There are no Macomb strainers on the main 
drain. Macomb strainers and 4-inch valves in the secondary 
drainage system in machinery spaces are three in number, 
located at the bilge wells, one amidships at the after end of 
engine room and one about 5 feet to starboard of amidship line 
between after boiler and bulkhead, one 3-inch branch suction 
valve and strainer at forward end of engine room. The engine 
crank pits are drained by connections with the independent fire 
and bilge pump in engine room and by the main bilge pumps 
attached to engines. 

The double bottoms connected with the drainage system are 
A-99 and B-95. Compartment B—g5 only can be flooded from 
the sea by a connection at sea suction valve in fireroom. The 
main drain is pumped only by the main circulating pumps. 
The secondary drain is pumped by attached engine bilge pumps, 
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by the fire and bilge pump starboard side of engine room, by the 
auxiliary, feed, fire and bilge pump in fireroom, and by two. 
hand pumps on gun deck. 

Manifolds on the drainage system are as follows: No. t. 
Forward end of boiler compartment, starboard side; No. 2. 
At auxiliary feed, fire and bilge pump in fireroom; No. 3. 
Fire and bilge pumpin engine room; No. 4. At after bulkhead 
in engine room. 

FIRE-MAIN SYSTEM. 


The 4-inch copper fire main starts from the riser at the fire 
and bilge pump, in engine room and the forward lead passes 
through the boiler room on the starboard side under the gun- 
deck beams. 

There is a 23-inch riser from the auxiliary feed pump in 
boiler room to the fire main. By closing the gate valve in the 
main near this connection, the fire main is divided into two 
systems, one forward and one aft. The “auxiliary feed pump” 
is connected with the former and the “fire and bilge pump” 
with the latter. 

The distiller circulating pump may also be used on the fire 
main, through a connection between frames 67-68, in engine 
room. 

There is a connection to the sanitary system between frames 
19-20, gun deck, forward. 

A relief valve, set at 100 pounds, between frames 29-30, 
discharges into main deck scupper on starboard side of berth 
deck. 

Cut-out valves are situated at the foot of each riser. Con- 
nections for flushing ash chutes are taken from this main. 


FRESH-WATER SYSTEM. 


The fresh-water tanks in hold may be supplied from fresh- 
water boat by connectionson ship’s sides between frames 28-29, 
port and starboard. From these tanks the reservoir tank on 
top of galley house can be filled by means of hand pump on 
forward berth deck. 
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The supply from distillers may discharge into tank in fire- 
men’s wash room and ship’s tanks. 

The main pierces the gun deck between frames 42-44 from 
below, leading along under the main deck beams to 80 and 8r1, 
at which point it drops to berth deck with branches to pantries 
and bath rooms. 


THE FLUSHING SYSTEM. 


The flushing main is connected to the sanitary pump on 
port main engine. There is also a connection to the distiller 
circulating pump between frames 69-70 in engine room. 

The forward lead passes through the boiler room on the 
port side, and, continuing along the berth deck, pierces the 
main deck between frames 20-21, to supply crew’s head. 

The after lead extends under the gun deck beams, with 
branches to pantries and bath rooms. 

A relief valve, set at 15 pounds, is located in crew’s water 
closet, with discharge into trough. 

The flushing water may also be taken from the salt-water 
discharge from the distillers. 


THE VENTILATING SYSTEM. 


The ventilating system provides artificial ventilation for all 
living spaces below the gun deck, including engine room, 
store rooms, magazine passages, also the air-casing spaces 
between gun deck and boilers, and between engine and boiler 
compartments and the magazine adjacent to each ; also to the 
water closets and toilets on the gun deck. As this class of 
vessels has a high freeboard and hatches opening to the main 
deck in vertical lines, an exhaust in addition to a supply sys- 
tem was not, excepting for the compartment in which the 
dynamos are located and the bunkers, deemed necessary. 
There are six electrically-driven centrifugal fans arranged in 
as many units or sections of piping. None of the principal 
bulkheads are pierced by the air ducts excepting at No. 45, 
where there is a butterfly valve, and the duct supplying air to 
the double space under gun deck over boilers and to bunkers. 
is of heavy iron pipe. Air ducts connect the bunkers with 
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the annular space around uptake and smoke pipes without 
gates or valves. 

The following is a list of the fans by their number, desig- 
nation and the purpose of each : 

Fan No. 1. Exhausts from water closets and wash rooms 
forward of bulkhead No. 23 on gun deck. 

Fan No. 2. Exhausts from officers’ water closet and bath 
rooms on gun deck and discharges into engine-room hatch. 

Fan No. 3. Exhausts from dynamo-room compartment and 
discharges into air space over boilers. 

Fan No. 4. Supplies fresh air to dynamo room and to all 
compartments forward of bulkhead No. 45 and below gun 
deck. 

Fan No. 5. Supplies fresh air to engine room. 

Fan No. 6. Supplies fresh air to all compartments abaft of 
bulkhead 79 and below gun deck. 


PARTICULARS OF EACH VENTILATING FAN. 


Cu. ft. air Kilowatts 


Supply or, : Rated 
Fan No. cunt. | | Size. power. | co absorbed. 
I Exhaust. |No. Menage. +H.P. | 570 | -51 
Exhaust. |No.2Monogram. +4H.P. -49 
% Exhaust. 30-inch. |. 1.53 
4. Supply. 45-inch. | 3-35 
5 Supply. 50-inch. 4 E.P. 4,625 | 4.23 
Supply. 35-inch. 2 


STEERING GEAR. 


The steering gear consists of a steam steering engine located 
in compartment A-12 (berth deck, forward), under the chart 
house and steering wheel, connected by steel-wire rope pass- 
ing along under the gun deck to the rudder are and a reverse- 
screw hand steerer located at the rudder head on the main 
deck. 

The steering engine is an inverted twin-cylinder direct-act- 
ing steam engine with a float valve, driving a worm on the 
crank shaft which engages a worm wheel on a vertical shaft, 
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which shaft carries a pinion engaging a spur wheel on a 
second vertical shaft. This latter shaft has fixed near its 
upper end a two-grooved pulley, to which one end of each 
tiller rope is fixed so as to unwind one rope while winding the 
other. Outboard are leading sheaves adjustable for varying 
the tension of the tiller ropes. The tiller ropes are led tan- 
gentially and fixed to the tiller quadrant by pelican hooks, 
which latter must be detached when the hand steerer aft is 
shipped. There is a clamp at the rudder head for use while 
making the change from steam to hand gear and vice versa. 
Before reconnecting the tiller ropes to the tiller arc it may be 
necessary to slacken the ropes at the guide sheaves afore- 
stated. The links of the hand steerer are of the sort in com- 
mon use in the service, where the reverse-screw shaft is worked 
by an engine or by handwheels, and are thrown in and out of 
gear by hand and secured by removable pins in the usual way. 


THE CAPSTAN. 


There is one capstan forward of pilot house on main deck, 
driven by a twin-cylinder, simple, vertical engine, 7 inches by 
8 inches, located nearly underneath, on gun deck, through a 
worm and worm-wheel gearing and vertical shaft. Under the 
capstan drum is a wildcat fitted with a band brake for taking 
the chain cable, which wildcat can be operated either by hand, 
through the capstan or be thrown out of gear. The capstan 
above the wildcat can be operated by hand, with capstan bars, 
or by the engine, by the adjustment of clutch keys for the pur- 
pose. There are two large chain bits forward and four lead- 
ing bits on the capstan bed plate. 

The bow anchors stow in the hawse pipes and weigh, 3,000 


pounds each. 
ELECTRIC EQUIPMENT. 


The electric generating installation consists of two multi- 
polar continuous-current generators each driven by a compound 
engine, both manufactured by the General Electric Company. 
Engine marks: type, CC-24-400 ; form, H-4. K.W. 24; steam, 
100, revolutions, 400. They are vertical direct-acting, and have 
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cylinders of 6} and 10} inches diameter by 7 inches stroke. 
Diameter of piston rods, 1 ,°; inches. The starboard engine bears 
shop No. 2,228. The port engine bears shop No. 2,229. 

The dynamos are of type, M.P.; class, 8-24-400; form, D; 
volts, 125; amp., 192; K.W., 24; speed, 400; shunt current, 
4.1. The starboard dynamo bears shop No. 87,344; the port 
dynamo bears shop No. 87,345. 

All the wiring is in conformity with U. S. Navy standards, 
in wrought-steel enameled-pipe conduits on the two-wire feeder 
system. 

There is one searchlight located on a platform over and 
abaft the bridge. Its projector is 18 inches diameter. Other 
lights distributed through the ship as follows : 

Berth, gun and main decks forward are lighted by twenty- 
four 16-candlepower lamps. 

Berth, gun and main decks aft are lighted by fifty-nine 16- 
candlepower lamps. 

The engine room is lighted by thirty-two 16-candlepower 
lamps including six portables. (Additional lights are being 
installed.) 

The fireroom is lighted by twelve 16-candlepower lamps 
including three portables. 

There are forty-four battle lights of 16-candle power, and 
twelve of 32-candlepower. 


MAIN ENGINES. 


There are two main engines located in one compartment 
abreast one another. They are vertical, three-cylinder, triple- 
expansion, direct-acting, with air pumps, main-feed, sanitary 
and bilge pumps attached. The original plans contemplated 
inward-turning screws, which were changed to outward-turning 
by exchanging the positions of the engines, shafting and pro- 
pellers. This new arrangement placed the starting gear on 
the outboard sides and far apart, necessitating two men for 
working engines to signals. 

The cylinders are of cast iron, unjacketed, the H.P. cyl- 
inder forward, and rest on wrought-steel cylindrical columns 
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and cast-iron box columns. The former columns are outboard, 
extending from cylinders to bedplate; the latter are bolted 
between the housings on top of condensers and lugs on cylin- 
ders. Brackets on the inboard columns support the reversing 
shafts. The cylinders and steam chests, including the bottom 
heads, are cast iron, one piece—the H.P. forward—and are 
bolted together. Steam enters the H.P. chest between the 
valve heads, and exhausts at their ends, passing around the 
H.P. cylinder in passages through the casting to the ends of 
the intermediate valve chest, exhausting from the middle 
through a 7-inch copper pipe to the L.P. steam chest. 

The main pistons are made of cast steel, class A, and, with 
their followers, are finished all over. The followers are wrought 
steel. They are fitted with two packing rings each, of cast 
iron, tongued where cut obliquely, and retained in a fixed 
relative position by the heads of the bolts securing the tongue 
pieces engaging slots in projections on the pistons. No re- 
straining lugs or distance pieces are provided, nor are any 
springs provided for setting out the rings. 

The engine bed plates are of cast iron, each in one piece, 
resting on three longitudinal seatings worked in the ship’s 
structure on top of the ship floors, and two intercostal girders. 
No diagonal braces are provided for these engines, as the rigid 
construction of the condenser and inboard columns seems all 
sufficient for the small masses involved. 

The main valves are one for each cylinder, of cast iron, and 
of form as follows: For the H.P. and I.P., single-ported piston 
valves with equal heads; for the L.P., flat double-ported slides. 
No balancing is provided except by a gravity-balance steam 
piston working off the low-pressure valve, the top connected 
permanently with the main condenser by a pipe. All main 
valves are operated directly by Stephenson double-bar links 
and eccentrics. There is no independent cut-off gear other 
than adjustable. connections between the reach rods and re- 
versing-shaft arms. The slots in the reversing-shaft arms are 
graduated by marks indicating the mean of the up-and-down 
points of cut-off in inches from beginning of stroke. 
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Main | alve Packing.—The intermediate piston valves only 
are fitted with packing rings, and suitable lugs are provided 
to prevent them from overriding the seats when the valves 
are disconnected. These packing rings are in one piece for 
each end of the piston valve with a single parting for expan- 
sion and adjustment. At the parting are lugs with bolts and 
jam nuts. All the main H.P. and I.P. valve chests are fitted 
with cast-iron liners. The cylinders have no liners. 

The piston and valve rods are packed with United States 
metallic packing of latest design, consisting of a combination 
of beveled white metal rings and spiral springs. It was fairly 
tight during the trial. 

The crank shafts are solid class A forgings, excepting an 
axial hole through each crank pin, and are each in one piece. 
The cranks are set at 120 degrees apart. Between the inter- 
mediate and LP. cranks is a worm wheel for turning the shaft 
by hand gear. There are six crank-shaft bearings, one pair to 
each crank, with two bolts each. Each bearing is composed 
of a bottom brass, two distance pieces and a cap. The cap is 
of cast steel, class A, the other parts of composition. The cap 
and brass are lined with white metal and provided with oil 
channels, into which the oil enters near the side. 

The piston rods are of high-grade steel forgings, solid, accu- 
rately ground and polished. ‘The upper end of each is secured 
to the piston by a shoulder, taper, nut and split key. A dowel 
pin between piston and rod prevents turning between the parts. 
The lower end of the piston rod includes the crosshead, to which 
is bolted a composition slipper of manganese-bronze, white- 
metal faced both sides. The end of the piston rod or gudgeon 
carries a pair of brasses, white metaled, with a two-bolt cap for 
the connecting-rod pin. All crossheads, piston and connecting 
rods are of the same dimensions for the different sections, 7. ¢., 
cylinders. 

The connecting rods are of high-grade steel forgings, forked 
at one end to span the crosshead, the crosshead pin shrunk in, 
secured from turning by screw keys and fitted with white- 
metaled crank-pin brasses at the other. The lower end of the 
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connecting rod is flat, against which are bolted the crank-pin 
brasses and steel binder by two high-grade steel bolts. The 
intermediate crosshead journals or pins differ from the others 
in the presence of wrist pins for the air-pump beam connect- 
ing links. For one-third of their projected area the crosshead 
pins are flattened on their (inboard and outboard) sides. 

The eccentrics are of cast iron, each in two parts bolted 
together, rabbetted at each side for the flanges of the eccentric 
straps. Each backing eccentric is secured to the shaft by a 
key and each go-ahead eccentric likewise, with additional 
adjusting pieces between its key and the eccentric. 

The eccentric straps are of composition, lined with white 
metal, which latter is dovetailed and hammered in place. 
The eccentric rods of forged steel have forked ends at their 
link connections and T-shaped heads where bolted to the ec- 
centric straps. The link wrist-pin brasses are adjustable. 

The reversing gear for each engine consists of a steam cyl- 
inder 5 by 9 inches secured to the intermediate cylinder casting, 
a reversing shaft resting in bracket bearings on inboard engine 
columns, an eccentric secured to the reversing shaft, connect- 
ing and reach rods, and manipulating lever with locomotive 
latch at working platform. The reversing-engine piston is of 
cast iron fitted with cast-iron snap rings. The reversing- 
engine valve is a plain D slide, which receives its primary 
motion from the reversing hand lever and its secondary motion 
from an eccentric on the reversing rock shaft. No hand- 
reversing gear is provided. The engines are fitted with a 
hand turning gear consisting of an adjustable steel worm on a 
short shaft with square end, engaging a worm wheel on the 
crank shaft between the intermediate and low-pressure cranks. 
A ratchet wrench working horizontally affords the necessary 
purchase. The worm is removable by means of a two-bolt 
steel binder. 

The main condensers are of the surface-condensing type, 
steain outside the tubes, with shell of cast manganese-bronze 
of rectangular form in horizontal section side elevation and 
plan with cylindrical tops, flat bottoms and sides. The side of 
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each condenser nearest the crank shaft is inclined sufficiently 
to accommodate the crank circle. They are slightly longer 
than the engines, projecting aft beyond the engines only by 
the by-pass channel and valve on the after heads, and form the 
housings for the inboard sides of the main cylinders. On the 
tops and integral with the shells of each condenser are the 
following nozzles: Circulating-water outlet, exhaust steam, 
safety valve and two 6 < 4 handholds; also on top are bosses 
for reverse-gear brackets and housings for the air, feed, bilge 
and sanitary-pump rock-shaft pillow blocks. The thickness 
of the shell is seven-sixteenths of an inch, stiffened by rect- 
angular ribs where necessary. A division plate at the after 
ends causes the circulating water to pass forward through the 
lower nest of tubes and aft through the tubes of the upper 
nest. For the purpose of pumping from the bilge by the main 
circulating pumps a by-pass valve and pipe of rectangular 
section connects both sides of the division plate. The auxil- 
iary exhaust and the bleeder pipes are connected with the main 
exhaust pipe. There is a connection of four inches diameter 
for the air-pump suction and one two and one-half inches 
diameter for a pipe between the condensers at bottom. Joining 
this latter pipe is a permanent steam connection with the 
bleeder-pipe cross, one inch in diameter, for boiling out the 
condenser. ‘The lower valve on this connection is under the 
floor plate amidships in line with both circulating pumps. A 
horizontal perforated brass platé forms a diaphragm within, 
completely across and five and three-quarter inches from the 
top of the condenser, leaving a clear space over the ends to 
scatter the exhaust steam. The perforations, } < ? inch pitch, 
occur for forty-seven inches by seventeen and a quarter inches 
forward of the exhaust nozzle; under the exhaust nozzle the 
plate is not perforated. The tubes, in two nests are straight, 
supported by a middle diaphragm and packed in rolled tube 
plates of same composition as tubes by screwed glands over 
cotton tape. ‘The condensers were tested under thirty pounds 
hydrostatic pressure, and the safety valve afterwards set at 25 
pounds. 

39 
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Particulars of condensers. 


Steam inside or outside tubes... 
Cooling surface, square feet, starboard... 
678.716 
Ratio of total cooling surface to total heating surface.. ..............-. 113.0638 
Number of tubes to each condenser. 488 
Length of tubes, feet amd 8- 6 
Cu. 70, Zn. 29, Sn. 1. 
Ferrules for packing, outside diameter........ f-inch, 18 


An air pump \ocated inboard of each condenser is worked 
off the intermediate crosshead of each engine, as also are san- 
itary, bilge and main feed pimps, arranged as follows: 

Forward of both air pumps and attached to arms on the 
main-pump rock shafts are the feed pumps; abaft the air 
pumps are the bilge and sanitary pumps—the former to the 
port engine, the latter to the starboard engine. The bilge, 
sanitary and feed pumps are of the differential plunger type 
with water-packing grooves. All pumps on main engine and 
the main and auxiliary feed, fire and bilge pumps have spring 
safety relief valves. The air pumps are of the vertical-bucket 
closed-top type with sheet-bronze valves. All these engine 
pumps are of composition of the Navy standard in their 
chambers, buckets, plungers and valve chests. Each pump 
has an independent crosshead attached by double-link con- 
nections of steel rods and composition bearings to the pump 
rock-shaft arms. The air-pump guides are bolted to and the 
other pump guides are cast with their respective top bonnets. 
The main-pump rock shaft is supported by the pillow blocks, 
of two parts each, straddling each pump arm, resting on hous- 
ings cast on the top outboard side of each condenser. 

The thrust, stern sleeve and propeller shafts are each in one 
section, constituting with the crank shafts the main shafting 
of the vessel. They are all (excepting the crank pins) of solid 
class-A forgings, finished all over to a diameter of 5 inches 


. 


U. S. GUNBOATS DUBUQUE AND PADUCAH. 607 


before encasing. The propeller, stern-tube and thrust-shaft 
after couplings are double-taper steel sleeves, with two 
‘“ feathers” or longitudinal keys, go degrees apart each. Two 
through keys at each sleeve coupling, one through each sec- 
tion end, bind the sections together. At these couplings the 
ends of the shafts are one-half inch apart. Screw keys between 
the through keys and sleeves secure the keys in place. Five- 
bolt flange couplings unite the crank and thrust-shaft sections. 

The stern-tube and propeller shafts are encased by compo- 
sition sleeves, pinned on with brass stop screws, spaced spir- 
ally. A fair water containing pitch encases the outboard shaft 
couplings. Each thrust shaft has five thrust collars. 

There are two outboard brackets or struts and hangers to 
each shaft, of manganese-bronze, with sleeves lined by lignum- 
vitae strips, end of grain to the shaft. The stern and bracket 
sleeves are in halves longitudinally. The stern tubes have a 
bearing at each end. 

The thrust bearings each consist of a pedestal and bearing 
proper. The bearing is fitted in a bored part of the pillow 
block, which latter is bolted to its seating, built in the ship’s 
structure. It is in two parts, of cast iron, with white metal 
linings. The upper part is fitted to the lower with dowel pins 
and longitudinal recesses in the upper flanges of the pedestal, 
to which it is held down by steel bolts, body bound in the ped- 
estal, and with slotted holes in the cap. The ends and side 
walls of the pedestal form an oil trough, from which lead oil 
holes to the collars and recesses. Stuffing boxes and glands 
are provided to retain the oil, and four adjusting screws in lugs 
on the pedestal provide longitudinal adjustment of the bearing. 
Forward of each thrust bearing on the same pedestal is a spring 
bearing, resting on and adjustable vertically by a broad wedge 
liner. This wedge is between the spring-pillow block and base 
of thrust-bearing block, adjustable by set screws on each side. 
A mandrel is provided for rebabbitting the thrust bearing. 

Main Circulating Pumps.—Two compound engines drive 
two centrifugal pumps—one each side of engine room. The 
engines are very light, both cylinders and valve chests in one 
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casting, with forged finished-steel column supports, cast-iron 
bed plate, valve rock shaft, cranks at right angles, complete 
adjustability of all parts and fitted with indicator gear and 
counters. The H.P. piston is of cast iron, fitted with two snap 
rings, without follower, of cast iron. It is screwed on the 
piston rod, the end of which is riveted over in a countersunk 
recess in piston. The L.P. piston is of cast iron fitted with two 
rings and a follower. The piston and follower are secured to 
the rod in the manner described for the H.P. piston with the 
addition of rivets through piston and follower instead of fol- 
lower bolts. The H.P. valve is of the solid-piston type. The 
L.P. valve is a D slide with a composition spring-borne tongue 
fitting into its back, as a guide and to press the valve against 
its seat. 

The pumps are two, ote to each engine, of composition 
throughout. Each runner has eight blades, curved at the tips. 
The runner is keyed by a tobin-bronze key to a tobin-bronze 
shaft. A four-bolt flange coupling joins engine and pump 
shafts. The casing is in two parts joined together by a nearly 
horizontal flange joint and brass bolts. The lower half has, 
at and near its base, three nozzles, one pair connecting with 
the sea injection and with the main drain with interlocking 
valves; the other nozzle connecting with the circulating water 
pipe to the condenser. Suitable channels in lower section of 
casing lead the suction to both sides of the runner at center. 
There is a lignum-vitae bearing, covered by a composition cir- 
cular plate, for the after end of the runner shaft. A stuffing 
box and gland only is provided for the forward end, as the 
engine shaft bearings are adjacent. 


CIRCULATING PUMP DATA. 


Diameter of H.P. cylinder, 


Width of pump runners, inches, at periphery...............:scessseseseeesseeseees 


Diameter of inlet nozzle, inches..................+. 
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There are two feed and filter tanks of }-inch galvanized. 
sheet steel in the engine room, one forward of each engine. 
The capacity of each is 245 gallons, about, including filter 
boxes. They are clothed with hair felt and sheathed by plan- 
ished iron. The filter compartments, four in number, occupy- 
ing about one-fourth the total of the tanks, are worked in the 
upper part of the tank with partitions watertight at the sides 
and bottom, such as to cause the water from the air pumps to 
flow through filter material from top to bottom of each filter 
compartment, passing between them from the bottom of each 
to the top of the next. Each tank is provided with a safety 
relief valve on the first filter compartment and a vapor pipe 
from both the first filter compartment and side near top of 
feed tank. ‘The top and removable cover are of composition. 
At the inboard end of the top of each tank are four nozzles or 
openings for vapor pipe to deck, spring relief valve, connec- 
tion from cylinder relief valves and for air-pump discharge. 
The vapor pipe and cylinder relief-valve pipe openings are 2} 
inches diameter; the air-pump discharge and the cylinder 
relief valve to tank are 3-inch diameter each. The spring 
relief valve from tank discharges into a 3}-inch overflow pipe 
with open funnel top to bilge. At the bottom of each tank 
isa }-inch drain cock. A 3-inch suction opening to feed 
pumps at bottom inboard side of each tank is controlled by an 
automatic ball float valve, or may be kept open by hand lever 
and latches to valve mechanism. All filter compartments can 
be drained into lower reservoir by suitable }-inch valves and 
pipe on the front of tanks. The tanks are connected by a pipe 
and valve between the two tanks for the purpose of equalizing 
the water level in both or for using either tank separately. 
As the main and auxiliary cylinders are not equipped with 
oil cups, no considerable cylinder oil is likely to be found in 
the filter tank other than may get into the L.P. cylinders by 
way of the packing around the piston rods. There are no in- 
dependent filters on the feed-water system. 

The main feed pumps, one worked off each main engine, are 
of composition of the differential plunger type and have the 
following dimensions : 
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Diameter of plunger, greatest, 3% 


The azry pumps are two, of the bucket plunger type, one 
worked off each main engine, and have the following dimen- 
sions : 


Diameter of pump rod, 1} 


The sanitary and bilge pumps attached are of the differen- 
tial plunger type and have the following dimensions: 


MAIN ENGINES.~PARTICULARS OF ONE ENGINE. 


Cylinders, number for each emgine..................cessccsesccrecceessescecees 3 
L.P., diameter, inches............ 254 

H.P. valves (piston), diameter, top, inches.....................ssseeseeeeee 48 

I.P. valves (piston), diameter, top, 8 

Valve stems, diameter at stuffing box, inches........ 13 
below stuffing box, 14 
L.P. valve, stem, diameter at balance pistons, inches.................... 1} 
Main steam pipe, diameter at throttle, inches... 3 
area of cross section, square inches.................. 7.0686 
Volume swept by H.P. piston, mean, per stroke, cubic feet........... 0.7731 
I.P. piston, mean, per stroke, cubic feet............ 2.2197 
L.P. piston, mean, per stroke, cubic feet........... 6.2065 
Clearance of H.P. cylinder, per cent., top.................sssccssessesseeee 19.83 
19.64 
13.98 
6.64 
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Piston rods, diameter, 2t 
lengths, feet and 3- 
Cylinder walls, H.P., I.P. and L.P., thickness, 
Valve-chest liners, thickness, + 
Cylinder relief valves (one each end cylinder), diameter, inches... 14 
Connecting rod, length, center to center, inches............seeeeeeeseeee 524 
diameter, upper end, at 
crosshead bolts (4), diameter, 4 
Connecting-rod crank-pin bolts (2), diameter, inches................+ 14 
Crosshead, surface, ahead, square inches......... 7 
Crank shaft, number of sections.................. I 
coupling discs, 1o}t 
coupling bolts, number in one flange................. aeebe 5 
length, inches............... 5 and 7 
length of sections, feet and inches............. baakeaseeeaniel one piece. 
maximum distance, beyond journals, feet andinches.. 1- 3 
Crank pin, diameter, inches................. 5t 
projected area, square inche.............cccccscercssssccersoees 42 
diameter of axial hole, inches...........ccccoocssccssssscceseses 2t 
Thrust shaft, diameter, Ge ANG 
steady bearings, inches......... II 
collars, number on each 5 
diameter, inches...... 10 
total surface, both engines, square inches.............. 598.75 
sleeve coupling, inches...... 8 
length, feet and inches.......... 16-104 
Propeller shaft, diameter over liners in strut beatings, inches........ 6 
after stern-tube bearings, inches............ 6 
in forward stern-tube bearings over lin- 
length, feet and inches................ 25- 8; 
Shaft-sleeve couplings, diameter, inches...............ssccssssesseserssessees 8 


Stern-bracket bearings, diameter, inches................ 


a 

9 4 

= 

3 

4 

. 
a 
6 

a 

} 


612 U. S. GUNBOATS DUBUQUE AND PADUCAH. 


Stern-bracket bearings, length, feet and 1-114 
Stern-tube bearings,-diameter each, inches 6 
bracket bearings, forward, diameter, each, inches............... 6 
length, each, inches.................. 174 
after, diameter, each, inches................... 6 
length, each, inches..................... 234 
Reversing engine, diameter of steam cylinder, inches.................. 5 
VALVE DIAGRAM DATA. 
Diameter of cylinders, cove 354, 256 
H.P L.P. 
Eccentricity, inches... 1} 1} 1} 
Travel of valve, inches... 3¢ 3¢ 3¢ 
Type, number and diameter ‘of piston ‘valves... One 4} inches One ¢ inches * 
Side of valve on which steam is taken............- Inside. Outside. Outside. P ‘ 


Top. Bottom.| Top. | Bottom.| Top. | Bottom. 


Length o slide valves, inches.... ove 

Exhaust la ap, inches......... 

Angular advance, 35 

Steam lead (angular), degrees and minutes...... 7,57 


(linear), inches. 
Cut-off, in inches 


in inches....... 
decimal of strok 


079 
Steam opening, linear, from diagram, -| $3 
area of, in square inches......... 10.74 
Exhaust opening, linear, from diagram, inches.) 1} 
area of, in square inches...... 16.84 


Steam velocity through ports, in ft. per minute.| 4,664 
Exhaust velocity through ports, in ft. per min..| 2,980 __ 


Velocity through main steam pipe in feet per minute... 
Velocity of exhaust to condenser in feet per minute...... 


* One double-ported slide valve. 


Data refers to valves in full gear “ahead ” and full gear 
“ backing.” 

A feed-water heater is located on the port side forward in 
engine room. It is composed of a composition cylindrical 
shell with flanges, to which are bolted at each end a tube- 7 
plate and a header. Expanded into the tube plates are one 
hundred thin, seamless-drawn j3-inch brass tubes, No. 14 
B.W.G. thickness, 4 feet 3} inches long. The heater is ar- 


ae 16.212 15.35 | 15.666 | 14.721 | 15.162 | 14.070 
in decimal Of stroke........ 772 746 +701 .670 
Release, in he 1.937 | 2156 2015 1.5 1.718 
.097 093 -102 096 .o8t 
1 66 1.80 2.015 2.156 3-406 2.86 
.096 -102 -162 136 
te | | | 
12.17 18.12 20.65 43-31 48.70 
; 1} 14 2X3) 2X1 
: 16.84 29.93 29.93 | 61 87 | 61.87 
4,116 | 7,938 | 6,964 | 9,285 | 8,279 
2,980 | 4,806 4,806 | 6,500 6,500 
7,095 
7,088 
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ranged with feed-pipe connections, so that the discharge from 
the main-engine pumps and independent main-feed pump may 
be passed through or by-pass the heater. The auxiliary ex- 
haust-steam pipe is connected with the heater shell near its 
upper end through a 4-inch nozzle, the outlet for the ex- 
haust steam being at the side near the bottom. Three baffle 
plates through which the tubes pass, of rolled naval brass 
resting on four lugs each, guide the steam across and among 
the tubes. Suitable air cocks and drain pipe are fitted. The 

headers and tube sheets are stayed together by nineteen g-inch 
' tobin-bronze socket bolts with brass pipe sleeves at each end. 
The feed water enters the bottom header, passes through the 
tubes and out at the top header. The headers are of compo- 
sition with feed-pipe nozzles cast on. An adjustable auto- 
matic-spring relief valve on the auxiliary exhaust pipe at each 
main condenser regulates the exhaust pressure. There are no 
auxtliary condensers. 

The propellers are of the three-bladed bent-back type, of 
manganese-bronze, true-screw, polished, tinned and _ repol- 
ished. The blades are cast with the hub. Two keys and 
nut on the taper end of the propeller shaft secure each pro- 
peller to its shaft. Over the nut is a composition cap or fair- 
water with watertight joint filled with tallow. These pro- 
pellers were measured and fitted to guides or templets of thin 
wood, carefully arranged to conform to the drawings, and 
much time and care was devoted to making them true in 
every respect, including balancing. The following are the 
principal dimensions, etc., for one propeller. 


PROPELLER DATA. 


Diameter of propeller, feet and inches, 7- 3 
Pitch of propetler, feet 6-10 
Ratio of total expanded blade area to immersed midship section 

Ratio of expanded blade area to disc area..........ccccccsssssssccsseseeesee 132.752 
Angle of inclination of generatrix with axis of hub, degrees......... 77% 
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The boilers are two in number, separated by an athwartship 
fireroom eleven feet wide, in one compartment. They are the 
Babcock & Wilcox Co.’s Alert type, and were constructed by 
that company at their works at Bayonne, N. J. Asa complete 
description of this type of boiler has recently been published 
in the JouRNAL (Vol. XVI, p. 1223), a few particulars will 
suffice here, as follows: 


FOR ONE BOILER. 


Length of drum, neglecting heads, feet and inches.................... 9g- 62 
Number of tubes, ordinary (2-inch) 108 
upper, circulating 15 
lower, circulating 2 
side boxes, each side, rectangular............c00..0cc0eceees 4 
Length of tubes between headers, feet .............00...seessesseceseneeee 9 
over all, feet and 2 
Tube-heating surface, square 1,970.7 
Plate-heating surface, side boxes and drum, square feet............. 108.8 
Aggregate heating surface, square feet...............-cceeeccseesereeceees 2,079.5 
Height of smoke pipe above grate, feet............cc...ceeessesseececeeeee 60.33 
Area through first section for gases of combustion, square feet... 10.36 
second section for gases of combustion, square feet. 10.2 
third section for gases of combustion, square feet . 8.6 
uptake section for gases of combustion, square feet.. 8.2 
Sectional area of smoke pipe (37 inches diameter), square feet... 7-4666 
Ratio of heating to grate surface, fireside considered................ 41.68: 1b 
Number of tubes, 2-inch, in intermediate sections..................-.. 28 
4-inch tubes in each lower section. I 
Thickness of header tube sheets, 
Number of plates in shell of drumt..................ccccccsccscscoesseccsees I 
Thickness of butt straps and tube-hole reinforcing, inch............ $4 
Weight of one boiler, complete, pounds...............000s0eescesenreeees 30,045 


Botler mountings include for each boiler a duplex 3-inch 
pop safety valve, two water gauges (one reflex and the other a 
tube protected by plate-glass shields), both in Dewrance fit- 
tings, with safety checks and quick-closing cocks by chains 
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from fireroom ; one main-feed stop and check valve, one aux- 
iliary-feed stop and check valve; one main-steam stop valve 
with automatic steam closing appliance; one surface-blow 
valve and two bottom-blow valves and three gauge cocks. 
Each steam drum has near its highest part and at middle a 
fitting for two steam gauges, air valves and testing connection. 

At the rear of each grate is a sprinkler for extinguishing 
fires in furnace, operated by a pipe conection and valve with 
the fire main at the back end of each boiler. 

The ash pans are galvanized-steel and are shallow. The 
ash pits are fitted with automatically-closing doors which can 
be quickly lifted out and laid away if desired. 

Forced Draft—Closed Fireroom System.—By closing trap 
doors over fireroom hatch on main deck, bulkhead doors 
between drum room and gun deck, and one between engine 
and firerooms, and starting the forced-draft fans over fire- 
room on gun deck level, the forced-draft system may quickly 
be put in operation and as quickly be discontinued. As 
the bunkers ventilate through permanently open ducts into 
the casing around smoke pipes, either the bunker doors 
should be kept closed, the exhaust nozzles in bunkers be cov- 
ered, or a slight loss of efficiency will result. No gates are 
provided for the bunker-exhaust ducts. Two 40-inch centri- 
fugal fan blowers, driven by 3 x 3-inch simple twin-cylinder 
engines with cranks opposite, are located on a level with the 
gun deck, over the fireroom, one forward on port side, the other 
aft on starboard side. They take air from two fireroom venti- 
lators in their vicinity, which serve also as ash hoists. 

The blower engines for forced draft are inverted direct- 
acting, mounted on forged-steel columns, have piston valves, 
are equipped with sight-feed and centrifugal oiling gear, and 
have long bearings. They perform excellently well on all 
occasions without heating of bearings at any speed. An indi- 
cator card: from one of these engines was taken at 700 revo- 
lutions per minute, and at times their speed exceeded a thou- 
sand revolutions per minute without apparent injury or 
excessive wear. 
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Type of blower engine............ Vertical, inverted, twin. 
Area of induction nozzle, square feet................. 3-72 to 2.18 
eduction nozzle (periphery of fan * width), square feet......... 4.35 


Ash Hoists.—The fireroom ventilators are arranged with 
suitable guides and doors, as customary. 

An engine of same form and size as the blower engine, z. ¢., 
3 X 3, is secured to the main-deck fireroom-hatch framing, 
amidships, and a spur gear on the engine shaft engages one 
larger on a drum shaft extending athwartships, abaft the en- 
gine and beyond both ventilators. A drum at each end of 
this shaft, mainly without, but whose periphery is within each 
ventilator, winds and unwinds the ash whips. A clutch on 
the drum shaft permits either drum to be used independently. 
A small hand lever starts the hoister, which latter stops auto- 
matically when the bucket reaches either end of the hoist. It 
was found desirable to introduce a reducing valve in the steam 
pipe to and near the ash-hoist engine, which provided safe 
working at the extremes of sea and port pressures, as the en- 
gine worked too violently under full-steaming pressures. 

A bucket of ashes can be hoisted from fireroom to main deck 
in two seconds. 

Trolley rails overhead on main deck, fitted with slides and 
hooks and unhooking levers, lead to ash chutes on each side 
of ship. 


EVAPORATING AND DISTILLING PLANT. 


Two evaporators of contractors’ design and two distillers of 
Bureau of Steam Engineering design are installed ; the former 
in the engine room, one each side, aft ; the latterin the engine 
room hatchway, forward side. Each evaporator consists of a 
steel cylinder, with longitudinal axis vertical. Horizontal 
straight brass tubes expanded into headers are fitted into a 
composition rectangular frame in lower part of shell. Two 
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steel diaphragms or baffles are in the steam space; the upper 
diaphragm, twelve inches from the top, is a perforated plate, 
}-inch holes ; the lower is a conical plate, with a large central 
opening, hooded. ‘The baffles are twelve inches apart. The 
inverted hood under the lower baffle is three inches below it, 
and dished on its edges downward. The upper head is in- 
serted, and is dished to a radius of about five feet. The bottom 
is flat, inserted, stiffened by two angles, and riveted to shell 
with flange external. Each header has two vertical stiffening 
ribs and stay bolts. 


DATA FOR EACH EVAPORATOR. 


Diameter of tubes, inches (outside 2 
Length of tubes, inches. 23% 
between tube plates, 263 
Number of stay bolts in each header............ccccscosscsscssscorerescccesces 16 
Diameter of stay bolts in each header, inch ..............:seceeeeeessseseoees 4 
Capacity of evaporators combined, nominal, gallons..,...............++5 3,500 
Actual output on test, rate per diem, galloms............sssssessssessseeeeees 4,034 


Distillers.—Two of Bureau design, each with 32 square feet 
cooling surface, are located side by side on forward bulkhead 
of engine-room hatch between main and gun-deck gratings. 
As this type of distiller is so well known in the service, a 
slight description only should be essayed: Each consists of a 
vertical cast-iron cylinder, with flanges for bolting tube plate 
and header together at top end and a stuffing box and packing 
gland and bolts at the bottom end. Straight tubes are ex- 
panded at one end into a composition tube sheet, which is 
secured between the upper flange of the cylinder shell and the 
aforesaid header. ‘The lower ends of the tubes are expanded 
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into a cylindrical box or header, which latter is free to move 
by the expansion of the tubes in the stuffing box. 

The vapor from the evaporators is admitted through a 
nozzle close to the top at side of shell, around (7. e., outside) 
the tubes, while the circulating water is introduced at the 
bottom header, and, passing through the tubes, makes its exit, 
at the top of the top header. 

At the vapor nozzle within the distiller shell is a perforated 
galvanized sheet-iron baffle ring surrounding the tubes at the 
upper end, with an axial length of 3 inches and inside diam- 
eter of 7? inches. This baffle ring is flanged at both ends to 
818 inches diameter, which is nearly the inside diameter of 
the distiller shell. By the upper flange the baffle ring is 
secured by four small brass screws to the upper tube plate. 
The perforations in the baffle plate are 64 of }-inch diameter. 

The distillate is drawn off at a nozzle at the lower side of 
shell, and flows by gravity or may be pumped to the ship’s 
tanks or through the fresh-water system. Intermediate be- 
tween the distillers and fresh-water pump adjacent is a small 
galvanized-iron reservoir of about three gallons capacity, with 
removable cover, which can be filled and emptied through the 
fresh-water pump suction from distillers. A water meter is 
on the same line of pipe between distillers and said reservoir. 


DATA FOR EACH DISTILLER. 


Length, shell, between flanges, outside, feet and inches.................... 4- 32 
distiller over headers, feet and inches................2.scsecssssseeeee 4-108 
lower tube sheet, or header sheet, inch..................2c0ece08 3 
Length of tubes (over all), feet and imches.............s:secceesceceseeseeseenes 4- 1% 
Cooling surface, outside, square feet ...............00.sssccsccssssesrsseees nearly 30.2 


OILING ARRANGEMENTS. 

Galvanized steel oil tanks for storage of lubricating, cylin- 
der and lamp oil are located in the after end of the engine 
room, secured to athwartship bulkhead, one for each kind of 
oil, the form and capacity of which are, for the lubricating 
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oil: rectangular, 661860 inches inside measurements, 
capacity 300 gallons ; for the cylinder and lamp oils, one each 
rectangular, 18 < 18 x 36 inches, of 50 gallons capacity each. 

The above-named tanks are filled through pipe from gun 
deck. A gravity system of filling the oil cups on the engine 
is supplied from a reservoir, cylindrical tank, of about 10 
gallons capacity, secured between the distillers and feed-water 
pump in the engine-room hatch. A hand pump near by with 
piping from main oil tanks is fitted for filling this distributing 
tank. 

Centrifugal oilers are attached to each crank pin of main 
and auxiliary machinery. Sight-feed oil boxes of polished 
cast brass are fitted each with twelve adjustable oil-feed valves 
and tubes for wicks, so that either or both wicks and valves 
may be used. 

Each box contains swash plates, and each drip tube leads 
through a vertical glass tube, suitably dust proof, to the copper 
pipes to the different bearings. 

Each main engine is fitted with four of these sight-feed dis- 
tributing boxes. ‘These boxes are supplied from a }-inch 
brass pipe leading from the gravity tank fore and aft over 
the engine. This oil-distributing main is connected by 
a vertical pipe with a horizontal 3-inch brass pipe attached to 
the outboard side of condenser, supplying the oil cups on 
main crank-shaft bearings, of which there are six, to each 
engine. 

The eccentric straps and similar oscillating gear are oiled 
through long, rectangular, open-top cups filled with curled 
hair, the supply of oil coming from the aforesaid distributing 
boxes about the top of the cylinders. 


COOLING-WATER SERVICE, 


A complete cooling-water service for all engine bearings, in- 
cluding line, shaft and thrust bearings, is installed in the usual 
manner. ‘The cooling-water main supply is taken from the 
condenser-circulating outlet chamber, from the intake to cir- 
culating end of condenser, or may be forced by a hose connec- 
tion from the fire pump in engine room. Spraying nozzles 
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are fitted over each crank-shaft bearing, crossheads and eccen- 


trics. 
ENGINE TRAMS. 


To locate the proper (original) position of the main valve 
when the engine under consideration is “on the center,” trams 
are made, two for both engines; also a tram for placing any 
crank ‘on the center,” and bridge trams for locating the true 
(original) position of the crank-shaft journals in reference to 
their pillow blocks were fitted and neatly stowed in boxes for 
safe keeping. For the Dubuque and Paducah these latter 
trams proved to be exactly alike in all dimensions, so that one 
might be used for either ship, indicating a close or similar 
adherence to the drawings in both cases, in this particular at 
least. Generally speaking, the workmanship on these engines 
is excellent. 

THE TRIAL OF U. S. S. DUBUQUE. 


On the 5th day of May, 1905, the Dudugue was steamed 
from the contractors’ works to the Navy Yard, New York, 
where the next day the ship was coaled with government coal 
for the purpose of bringing the ship down tothe normal draught. 
Contractors’ coal for the trial had been previously placed on 
board, weighed in bags, for convenience in tallying during the 
trial. This latter coal was Pocahontas hand-picked, and of 
excellent quality. It was stowed on the gun deck in tempo- 
rary bins constructed for the purpose, and during the trial was 
taken into the fireroom through the bunkers, in bags, as 
wanted. On the 7th of May the vessel steamed to Newport, 
R. I., through the Sound, making the distance in eleven hours 
against a tide nearly all the way. The machinery on this run 
performed perfectly. On this run indicator cards were taken 
from the auxiliary machinery. 

After taking aboard water in both trimming tanks, reserve 
water tanks and in water bottoms, to bring the vessel to a 
mean draught of 12 feet 3 inches, the progressive speed runs 
were made over a measured mile in Narragansett Bay on the 
afternoon of the roth. A record of these runs is shown in the 
table and by the speed curves which follow. 
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Table Ill.—U. S. S. DUBUQUE. 


Data Deduced from Progressive Runs over Measured-Mile Course off 
Newport, R. I., May 10, 1905. 


| 


Revolutions 


112.5 
114.2 
116 

117.6 
119.3 
121 

122.7 
124.4 
126.2 


| per minute. 


| 


Indicated horsepower. 


Starboard | Total both 
engine. | Pore engine. engines. 

52 60 112 
56 62 118 
58 | 66 124 
60 68 128 
64 72 136 
68 | 76 144 
72 | 80 152 
73 | 83 156 
go 166 
92 172 
95 180 
| 97 186 
94 | 102 196 
96 | 108 204 
100 110 210 

105 220 . 
109 | 119 228 
111 | 125 236 
118 } 128 246 
122 132 254 
127 137 264 
130 144 274 
135 149 284 
142 154 296 
146 | 162 308 
15t } 167 318 
156 | 172 328 
164 178 342 
169 185 354 
175 193 368 
1 199 384 
18 206 304 
196 216 412 
204 222 426 
210 230 440 
220 240 460 
229 245 j 474 
236 256 | 492 
246 264 510 
255 532 
264 284 548 
270 57° 
285 309 594 
293 322 | 615 
3°7 334 
314 340 654 
330 360 690 
347 377 724 
360 399 75° 
372 4 780 
388 424 812 
402 442 844 
420 460 880 
434 478 giz 
45° 500 95° 
469 519 988 
490 540 1,030 
510 560 1,070 
530 582 1,112 
552 607 1,162 
576 630 1,206 
656 1,264 
634 686 1,320 
664 712 1,376 


Slip of pro- | 
| peller in per | 


cent. of its 
own speed, 


oo 
w 


Constant 
R+S. 


16.000 
16.085 
16.110 
16.110 
16.120 
16.135 
16.140 
16.155 
16,180 
16.203 


16.22 

16.230 
16.245 
16.265 
16.280 
16.305 
16.325 
16.343 
16.373 
16.400 


16.410 
16.450 
16 456 
16.480 
16.510 
16.525 
16.540 
16 565 
16 590 
16.605 


16.640 
16.650 
16.685 
16 710 
16.740 
16 770 
16 802 
16.830 
16 870 
16.920 


16.935 
16.970 
17.100 
17.060 
17.105 
17.050 
17.190 
17.265 
17.290 
17.330 
17.380 
17.435 


|_| 
Speed in 
per hour. | 
| | 
| 74 | 
| 
| | om | 
8 
8 
| | 8 | 
| 128 8 
129.8 | 8 | 
| 131.5 | 8 
133-2 | 8 
| 8 
| 136.8 8 | 
: 138.6 9 | 
140.4 9 | 
| 142.2 | 9 
144.1 9 | 
146 | 9 | 
147-7 | 9 
149.7 | | of 
151.4 } 9-88 
153.3 | | 
155.2 | 10.1 
157 | 10.27 | 
158.8 } 10.34 
160.7 10.48 | 
162.6 | | 10.61 | 
164.4 | 10.70 
= 166.4 10.89 
10.1 168.2 | | 10.96 
10,2 170.2 | 11.13 
: 10.3 172.1 | 11.26 
10.4 1741 | 11.42 
10.5 176.1 | | 11.59 
10.6 178.1 | | 11 75 
10.7 180.1 | | 11.90 
10.8 182.2 | 12.11 
10.9 184.4 12.35 
186.3 | 
11.1 188.4 
11.2 | 190.5 | | 12.82 
11.3 192.8 | } 13.10 
11.4 | 195 | | 13.31 
11.5 | 196.1 | 13.03 
16 H 199.4 | 13.74 
11.7 202 | 1411 
11.8 204 | | 14.22 
119 | 206.2 | | 14.42 
12 | 208.6 } 14.70 
12.1 | aur | 14.96 
12.2 2135 15.27 17 500 
124 218.1 | } 15.70 17.590 
125 | 220.5 | 15 94 17.640 
12.6 | 223 | 16.21 17.700 
12.7 225.2 | | 16,38 17.730 
12.8 227.7 16 64 17 790 
12.9 230.2 | 16.90 17.850 
13 2326 | 17.09 17.890 
13.1 235.2 17 40 17.955 
13.2 2378 17.69 18 
13.3 240 5 | 1799 | 18.085 
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SMOKE OBSERVATIONS MADE DURING THE THREE MAXIMUM SPEED RUNS 
OF THE PROGRESSIVE-SPEED TRIAL. 


Time smoke appeared. | Time smoke disappeared. | Duration of smoke. 
Hrs. Min. Sec. | Hrs. Men. Sec. Sec. 
4 49 20 45 
50 35 | 5! 30 55 
52 35 53 30 55 
54 30 55 20 50 
56 a | 57 25 42 
58 43 59 30 47 
5 fers) 54 | 5 I 50 56 
2 4o 20 40 
| Average, 48 


One raked and one door fired every two minutes. 
THE FULL-SPEED FOUR-HOUR (PRELIMINARY) TRIAL. 

On the 11th of May, at 8.45 A. M., at sea, the contract full- 
speed trial was begun and proceeded without mishap of any 
kind. For the purpose of avoiding a long and useless return 
run in addition to the trial run, the latter included a very 
gradual turn so as to bring the finish somewhere near the 
starting point. 

The performance was in every respect satisfactory to the 
trial board. The ship steered well, turned in a small circle 
aud was free from unusual vibrations. The vibrations of the 
main engines, never excessive, were greatest at 120 revolutions ; 
at 220 revolutions it was almost zz/. 

All bearings ran cool; no water being used except on the 
thrust bearings as a precaution. Indicator cards were taken 
from all main cylinders every half hour simultaneously, 
and all engine data was recorded every fifteen minutes. Cards 
from the auxiliaries had been taken at various speeds previously. 

The firing or stoking was systematically performed under 
the direction of a representative of the Babcock & Wilcox 
Co., at regular intervals of two minutes, thus: 


Time. Rake. Fire. 

4°36 2 I 
38 | 3 2 
40 I 3 

42 2 I 
44 3 2 

46 | I 3 

48 H 2 I 

3 2 


a 
ea 
 & 
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The numbers indicate the furnace doors of each boiler; 
three furnace doors, one furnace to each boiler. Thus the 
fires of one-third of one furnace were being raked while fires 
of an equal portion of the other boiler were being coaled. A 
certain number of shovelfuls were thrown on at each firing, 
no hesitation or study on the part of the fireman being neces- 
sary. Considering the boilers, the method of firing and gen- 
eral excellence of the machinery, it is not surprising that the 
results were, for naval engines, so satisfactory. 

As so much has been written about the smoke nuisance of 
certain of our ships, and for purposes of comparison, photo- 
graphs were taken at regular intervals to include all condi- 
tions of firing during the four-hour run, showing the tops of 
the funnels and smoke issuing, which, by the way, was very 
slight. There was no smoke trail whatever. 


PERFORMANCE ON PRELIMINARY TRIAL, MAY 11, 1905, 


8°45 A. M., May I1, 1905 
Duration of trial (two hours seaward, a long turn and return), hours... 4 
Steam pressure at boilers (per gauge), pounds,............sscceeeeeeeeseereeees 240.8 


H.P. steam chest, S. engine (per gauge), pounds.... 222.7 
P. engine (per gauge), pounds..., 221.2 


Ist receiver, S. engine (absolute), pounds............... 94.2 
P. engine (absolute), pounds............... 87 

2d receiver, S. engine (absolute), pounds............... 29.4 
P. engine (absolute), pounds...........++ 30 


MEAN EFFECTIVE PRESSURES IN CYLINDERS IN POUNDS PER SQUARE INCH. 


Main engines : 
P., 105.38; I.P., §3.39; L.P., 17-39 
H.P., 113.87; I.P., 45.10; L.P., 17.01 
Mean pressure in pounds per square inch on L.P. piston equiva- 
lent to aggregate M.E.P. on all pistons, starboard..............sssese+ 48.41 
Mean pressure in pounds per square inch on L.P. piston, equiva- 
lent to aggregate M.E.P. on all pistons, port............sseeeeseeeeeeereee 46.82 


REVOLUTIONS PER MINUTE. 


starboard .....227.73 ; port...... 231.79 
starboard, attached ; port, attached. 
Pumps, starboard ...... 264.6; port...... 
auxiliary, double strokes per minute, water service............... 14 


U. S. S. ‘“‘ DUBUQUE.”’ 
Photographs of Smoke taken during Official Trial. 
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U. S. S. ‘* DUBUQUE.”’ 
Photographs of Smoke taken during Official Trial. 
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forward, 447.7; after, 451.1 
Speed of ship, in knots per 12.90 
Based on mean pitch. 
Slip of propeller, in per cent. of its own speed— 17-79 
St’b’d... 16.32 Port... 17.79 
Air pressure in firerooms, in inches of water........ 
at base of stack, in inches of water........ 
Temperature at base of stack, degrees Fahremheit..........0...ceecseeeeeees 569.4 
fireroom, working level, degrees Fahrenheit... 


INDICATED HORSEPOWER. 
Main engines: 


Starboara.. .......000s- H.P., 156.86; I.P., 224.17; L.P., 213.67; Total, 594.70 
Pai asiccsasccsctsceeniacs H.P., 172.52; I.P., 200.24; L.P., 212.73; Total, 585.49 
Air pump, starboard engine............Attached. Port engine........ ~--Attached, 
Circulating pump, starboard engine.. .62 Port engine..............0+ 85 
Feed pumps, main, one only installed................sssscsesssecseeeeseeees 11.3 
(Attached pump not used on trial.) 
Water-service pumps on sanitary 5 
Ventilating engines for ship, electric ; for engine rooms, electric. 
Blower engines for forced draft in firerooms (2), total............ een 4.2 
Dynamo 21:4 
Collective of all main 1,180.19 
main engines, air, circulating and feed pumps........... 1,192.96 
and auxiliary engines in operation during trial... 1,220.06 
all machinery during trial, per square foot of G.S........ 12.228 


HG, +293 
Main engines, air, circulating and feed pumps, per square foot 


Main engines, air, euoukting and feed pumps, per — foot 
COAL, 
Kind and quality........-sscesceeesseees Pocahontas hand-picked, excellent. 
Pounds per hour, per I.H.P., collective, all machinery in opera- 
1.559 
Pounds per hour, I.H.P., collective, main engines, air, circulating 
and feed pumps........ 1.596 
Pounds per hour, per square foot Of G.S...... cesccsccssssessesseerssseeeess 19,08 
-4577 
Cooling surface, square feet per I.H.P...........+ 1.113 
Heating surface, square feet per 3-409 
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THE SMOKE QUESTION. 


RELATION BETWEEN SMOKE DEVELOPMENT AND UTILIZA- 
TION OF FUELS, AND THE WAYS AND MEANS OF 
SMOKE ABATEMENT DURING FIRING. 


By F. HAIER, HAMBURG.* 


Translated from the ‘‘ Zeitschrift des Vereines Deutscher Ingenieur’’ by 
WILLIAM WACHSMANN, Associate Member. 


Gentlemen, respecting my presentation I must remark that, 
owing to the extent of the field in question and the difficulties 
met with, a complete and exhaustive treatment cannot be con- 
sidered. In the following I will restrict myself principally to 
the field of steam-boiler furnaces, and of this only so much 
shall be considered as will be necessary to indicate the way 
in which, in my opinion, a healthy progress must be directed. 

In the course of this discussion I will show how the Soczety 
Jor the management of furnaces and controlling of smoke,* 
formed in Hamburg in 1902, took hold of this problem, and 
how improvement in this field is to be brought about. 

As to the annoyances, burdens and damages produced by 
smoke, further comment is unnecessary. We all concede that 
smoke is no agreeable accompaniment to firing. But, on the 
other hand, this much is also established, that as long as we 


* Lecture delivered before the Hamburg and Berlin branches of the Society of German Engineers. 

+ The circumstances surrounding the formation of this Society were brought about by the con- 
templated action of the Hamburg municipal authorities to proceed against the smoke and soot evil 
of industrial furnaces. Against the issuing of such rules, however, vigorous opinions became mani- 
fest in manufacturing circles. The committee on industry of the Chamber of Commerce expressed 
themselves in the senate to the effect that improvement of the conditions in question could be more 
certain and more easily obtained by way of self help—the industrial circles interested coming to- 
gether and forming a society along the lines of the Boiler Guardian Society, and declaring that they 
were ready to form such a society. Thereupon the contemplated municipal measures were dropped 
to await the activity of this association, which, in the fall of 1902, after the completion of certain 
preliminaries, took up its labors, and for its object had ‘‘ the procuring of the most perfect and 
smokeless combustion with the greatest possible utilization of fuel in the installations of its mem- 
bers.” According to the by-laws of the Society this object was particluarly to be brought about by . 

“*, Regular inspection of boiler plants, including the supervision of their service and proposals 
to remedy any defects that might be found. 


i 
‘ 


THE SMOKE QUESTION. 631 


are compelled to burn coal complete prevention of smoke is 
out of the question. We must rather be satisfied to restrict 
this evil within certain practically-attainable limits. Further- 
more, while industrial furnaces are generally held responsible 
for these annoyances, there is no doubt that in many cities 
during the winter months the domestic furnaces are no less the 
transgressors ; but to get at these is more difficult than in the 
case of industrial furnaces. 

The difficulties of the question can be seen from the at- 
tempts made for relief by means of laws. In no instance 
up to the present time have such laws produced any sat- 
isfactory results. Recalling the case of England, for exam- 
ple, where this question, due to the early development of 
its industries, first came up, no considerable progress has as 
yet been made despite the existence, for decades, of a smoke- 
prohibition law. Even with us, in Germany, attempts to 
progress by way of municipal measures have also been made 
at different places. If success has not attended these efforts 
to adjust the conflicting interests, then, in my opinion, it is 
because, in the case of this complicated problem, many facts 
remain to be established. 

There is hardly any branch of engineering in which so many 
contradictory views are still held and, in spite of the extraor- 
dinary inventive ability displayed, no such extreme methods 
of practice are to be found as in this field; this more than 
anything else, it seems, would show that much which is essen- 
tial yet remains to be made clear. 

Before entering upon the discussion of the ways and means 


“2, Dealing with all questions, such as the management of furnaces, utilization of fuels, smoke 
production, the plant and the modification of furnaces, heat value of fuels and questions relating 
thereto, the giving of opinions concerning all these, also the supervision of plants in the course of 
construction and those to be rebuilt, etc. 

*€3. The education of firemen. 

‘* 4. The collection of information obtained from the actual operation of such plants, particularly 
the testing of special firing contrivances, and the dissemination of the same among its members.” 

The members who, besides the payment of annual dues, pay a yearly fee for each furnace plant 
and fees for special work (evaporating tests, opinions, tations), may d d that their fur- 
nace plants be regularly examined at least three times a year. They pledge themselves to follow 
the instructions of the Society’s officers and to notify its technical staff of any new installations or 
rebuilding of existing ones which may be contemplated. 

For the development of the Society and its method of procedure see its first annual report, 1902 
to 1903 (published by Boysen & Maasch, Hamburg). 
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of smoke abatement, there is one point I would like to ex- 
amine more closely which, above all, is of vital interest to 
industry and is also of fundamental importance in judging 
the whole question, viz: the relation between smoke devel- 
opment and the utilization of fuels. Upon this question the 
views held in engineering circles are still far apart and the 
clearing up of this in the beginning would, in itself, be an 
appropriate contribution toward a healthy progress, 


I. RELATION BETWEEN SMOKE DEVELOPMENT AND THE 
UTILIZATION OF FUELS. 

In firing coal rich in gas, therefore inclined to make sinoke, 
good heat utilization is not always combined with light smoke 
or smokeless working. Both mzgh¢ happen ; but there are cases 
where, in spite of a smokeless stack, only a relatively small 
fraction of the heat contained in the coal is utilized while, 
on the other hand, even with considerable smoke making an 
extreme utilization of the coal can occur. 

To explain these conditions more fully, I consider it proper, 
first of all, to recall the losses which take place during 
combustion. 

When coal is burnt in a furnace a small quantity will 
always fall through the grate, likewise a small quantity will 
be inclosed by the coke. This coal is therefore withdrawn 
from combustion. Only in very rare cases are the flame-pro- 
ducing gases given off by the coal entirely consumed ; on the 
contrary, these gases escape, more or less, without being con- 
sumed ; generally a partial decomposition takes place during 
which carbon is separated in the form of soot. Consequently 
through these gases and vapors, partly visible and partly 
invisible, as well as through the soot, a certain quantity of heat 
is lost. 

Of the actual heat developed, only a part is transferred to 
the heating surfaces as wsefu/. A considerable portion escapes 
with the hot gases as free heat, therefore invisible, through 
the smoke pipe, while a further portion is lost by useless 
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radiation from the boiler and brickwork or by conduction to 
surroundings. 

For the conditions here outlined only the two losses through 
the stack come into consideration, namely, those due to the 
free heat in the waste gases and those due to imperfect com- 
bustion. 

The first-mentioned loss is found by ascertaining the quan- 
tity of the waste gases, their temperature, specific heat and 
composition; also the composition of the fuel, in order that the 
amount of gas generated per kilogram may be calculated. 

While, in general, the ascertaining of this loss can be 
accomplished without any special difficulty, unfortunately there 
has been lacking a method sufficiently accurate for the direct 
determination of the loss through imperfect combustion, for 
which reason this determination has always been avoided. 
This also accounts for the still very incomplete knowledge as 
to the relative amount of this heat. 

As the heat lost through radiation likewise cannot be directly 
determined, it is combined with the loss due to imperfect com- 
bustion and designated as the residue in the heat balance. 

Of all losses in a furnace, the one most apparent and dis- 
agreeably felt is that due to imperfect combustion. This, no 
doubt, is also the reason why those who are not better informed 
as to the conditions have given this loss the greater promi- 
nence. 

Conditions being equal, there is no question but that, from 
an economical standpoint, imperfect combustion is more detri- 
mental than a perfect one. The question is, how far is it 
possible to bring about perfect combustion and at the same 
time restrict the loss of free heat in the waste gases, and what 
importance is to be attached to the heat lost, economically 
considered, during practical working by imperfect combustion? 

To answer this it will be necessary to get an idea of the loss 
of the waste heat and the circumstances influencing the same. 

The loss of the waste heat naturally increases with the quan- 
tity and temperature of the waste gases. Therefore it becomes 
greater the greater the excess of air during combustion, since 
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thereby the quantity of the hot gases naturally increases as 
well as their temperature, due to the conditions of heat con- 
duction. The latter, moreover, becomes greater the more the 
boiler is forced. 

Considering that 1 kg. of coal requires 7 to 9 cbm. of air, 
provided the process of combustion could be carried out with a 
quantity corresponding to its chemical composition, it is at once 
manifest that we have to deal with large gas volumes which 
in practice become still greater, as the above quantity is insuf- 
ficient ; it requires rather a multiple of this, depending upon 
the design of the furnace and the method of working adopted 
by the fireman. Moreover, for practical reasons, the tem- 
perature of waste gases below 180 to 200 degrees C. can no 
longer be utilized in a boiler. 

If, for instance, combustion is effected with twice the volume 
of air, theoretically required (and even this does not indicate an 
unfavorable method of working) we have 16 cbm. of gas for 
1 kg. of coal of average composition, supposing this reduced 
to a temperature of o degree C. and barometric pressure of 
760 mm. 

With a temperature of 250 degrees C. for the waste heat— 
which corresponds to moderate forcing for this method of work- 
ing—there is in the heat lost about 1,180 T.U. for 1 kg. of 
coal, or, taking the heat value of the coal at 7,000 T.U., about 
17 per cent. of the available heat. 

This loss, entirely invisible to the eye, increases approxi- 
mately in a direct ratio to a multiple of the minimum theo- 
retical quantity of air and in direct ratio to the waste temper- 
ature. Cases where it reaches 30 per cent. are not in the least 
rare. 

At any rate, from this it follows that the loss in the utiliza- 
tion of fuels is of considerable importance. 

In opposition to this, what are the facts with regard to the 
loss through imperfect combustion ? 

As has already been said, the direct determination of this is 
very difficult. The only series of tests for its determination, 
based on a method of exact chemical measurement, date from 
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the years 1879 to 1881, and were carried out by Bunte in the 
heat-test station at Munich. * 

The main results of these tests were, that from waste gases 
containing about 8 to 10 per cent. of carbonic acid, therefore 
containing about 100 per cent. excess of air, very nearly per- 
fect combustion could, in most cases, be obtained. A loss due 
to imperfect combustion of over 5 per cent. of the heat value 
of the coal occurred, in general, only in tests where the condi- 
tions of combustion were intentionally made unfavorable. 

Furthermore, these tests show that imperfect combustion is 
more easily avoided the greater the excess of air, within the 
practical limits, but with it the waste heat also becomes greater, 
and that, generally, a considerable loss through imperfect 
combustion is only to be feared when the air supply is very 
limited. 

Therefore, even though the latter loss can become quite 
considerable, the same importance is not to be attached to it for 
the utilization of fuels as that to the loss in waste heat, since 
according to the foregoing the loss through imperfect com- 
bustion moves, as a rule, contrary to that of the waste heat. 
As the loss through imperfect combustion, to any appreciable 
extent, generally results from an insufficency of air, a com- 
paratively small loss of waste heat is connected therewith. 
If the obtaining of perfect combustion is conditional upon a 
larger supply of air, then the loss of the waste heat will 
become greater and the resulting gain is once more, at least 
partly, lost. 

Especially on account of this circumstance technical circles, 
until recently, were inclined to attach less importance to the 
loss through imperfect combustion than it deserved.+ 


* See H. Bunte, “‘ Zeitsch, d. v. d. I.,’’ 1900, p. 674; also ‘‘ Bayerische Industrie and Gewerbeblatt,”” 
1879 to 1881, H. Bunte: Report of the heat-test station, Munich, 

+ Relative to this, see also the discussion upon the test series given in Table V, where, despite an 
increasing loss through imperfect combustion. the utilization is i d 


is imp’ in ¢ q of the 
simultaneous drop in the loss of the waste heat. In addition to this—as a further reason for unduly 
underrating the loss through imperfect combustion—is the fact that, according to the usual method 
of calculating the waste-heat loss, in the case of very imperfect busti b too great, 
and with that the increase of the residue loss becomes too small compared with the residue loss ob- 
tained for perfect combustion. See the discussion on p. 645 at the conclusion of note. 
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As to the conditions actually obtained, a series of trials which 
I carried out on a two-furnace boiler of standard make and 
which are to be discussed in the following, may furnish some 
information. ‘The heating surface of this boiler was 75 square 
meters. 

A clue to the amount of loss through imperfect combustion 
can be gained from the following method without the aid of 
an exact chemical analysis of the waste gases: Perfect com- 
bustion can be produced in a boiler by giving a proper supply 
of air and proper strength of draft; and by tests thus carried 
out, find the loss through radiation and conduction of the plant, 
from the residue in the heat balance, for the conditions of 
pressure in question. 

Since this loss, with approximately equal pressure condi- 
tions on the boiler but different methods of working, will 
hardly vary, conclusions may be drawn—based upon a deter- 
mination of the increase of the residue in the heat balance— 
through later tests to be made on the same plant, as to the loss 
due to imperfect combustion. * 

The results of the tests carried out in this manner are given 

. in Table I. 

The construction and location of the boiler, which was in 
continuous service during the tests, can be seen in Figs. 1 to 3. 

The four tests are not arranged in the order in which they 
were carried out, but according to the quantity of smoke devel- 
oped and the quantity of air supplied. They were made be- 
tween May 12 and 20, 1903, and the three designated I, II 
and III were each made twice under exactly the same condi- 
tions. ‘The results of these duplicate tests agree with suffi- 
cient accuracy with one another. The duration of two tests 
was for a period of 9 and 9} hours, respectively, and for all 
others, 10 hours. 

The tests were made by taking accurate observations of all 
the conditions coming into consideration. The boilers for all 
the tests were attended by a fireman instructor. 


* Relative to this, see also p. 645, conclusion of note. 
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Table I. 


Heating surface of boiler, square meter. 73.5 IV 
Grate surface of boiler, square meter..... 2.28 May 20, May 
Ratio of grate surface to heating 1903. 19¢ 
Duration of trial, hours ......... 9 a 
Fuel: English coal, West Hartley kind, weight of coal used during trial, kilog 2,250 2,024 
per hour, kilog 250 202 
square meter of grate surface, kilograms............ 109.6 88 
heating surface, kilograms......... 3-18 
Ashes, total, kilogr 190 240 
in coal burnt, per cent 8.45 11 
bustible d (carbon), per cent........... 22.6 25 
Feed water: total evaporation, kil 12,192 13,078 
evaporation per hour, kilograms coeeeee- 1,355 I, 
square meter, heating surface, kilog 17.26 16 
average temperature, degrees centigrade 124 12 
Steam: steam pressure, atmosph 6.64 6 
average heat o! evaporation, T.U 644 
Gas analysis: (a) at end of furnaces, per cent. 14.6 13 
Carbonic acid, CO,, average of 3-minute tests, per cent 14-45 13 
15-minute tests, per cent 2.6 3 
Oxygen. Oav ¢ of 15-minute tests, per cent 17.05 17 
T of CO, and O, per cent. pinhbi pas 
Excess of air (b) at end of boiler: carbonic acid, CO,, average of 3-minute tests, per cent sind 9:3 8 
15-minute tests, per cent “3 9 
Carbonic oxygen, O, average of 15-minute tests, per cent 4 9 
Excess of air, cent 
Temperature, degrees centigrade...... 273 230 
of air for combustion, degrees centigrade. 21 24 
Draft pressure, at the boiler end, millimeters of water............ sgilhaalesitindlioe seniunniisdinieheuaitininaiadaianaeedeiaingslinnenseiiine 5-4 4 
Evaporation: @ Water evaporated, per kilogram of fuel, kilograms. 5.42 6 
(b) Equivalent evaporation from and at 100 degrees centigrade per kilogram of coal from water 
at o degree centigrade, kilograms........-0..s.-sssssssesseessesseseeeeee 5.49 6 
Per 

Heat balance, see note page 641. T. cent. | 

Utilized for making steam......... 35497 | 544 | 4,165 

Lost: (a) due to incomplete combustion of carbon 154| 2.4| 244 

b) due to heat carried away in the chimney gases 1,131 | 17.6 | 983 

fc) other losses due to conduction, radiation, soot, unconsumed gases, etc 1,651 |25.6) 1,191 

Total = heat value of fuel 6,433 | | 6,583 


2.75 


10.15 


Table I. 
IV I Ill I. 
May 20. May 12, May 13, May 16 May 19 May 14, May 15 
1903. ° 1903. 1903. Average. 1903. ° 1903. ° Average. 1903. 1903. ° Average. 3 
9 10 10 20 9% 10 19% 10 10 20 4 
2,250 2,024 1,997 4,021 1,885 3,778 2,178 2,348 4,519 
250 202 200 201 = 1 193-5 217 235 226 
109.6 88.6 87.8 88.2 6.8 83 49 95-3 103 99-2 a 
3-18 2.58 2.55 2.57 2.52 2.41 2.47 2.77 3 2.88 i 
190 240 251 491 177 160.5 337-5 264 247 
8.45 11.9 12.5 12.2 9-4 8.5 95 12.2 10.5 13-3 a 
22.6 25.4 21.1 23.3 3 20.7 249 26.2 30.9 28. i 
12,192 13,026 26,104 13,224 26,412 : 28,420 
1,355 I 1,30. 1,395.5 I 1,322 1,355 I I 1,421 
124 12.9 12.7 12. 12.5 12.7: 1 I 
2 5-1 5-3 9 
13.65 14.36 1a 13-3 13.5 13.4 9.21 9.05 ois 
14.45 13.95 14.4 14.17 13.45 13.55 13.5 9-35 9.2 9.28 mi 
2.6 3.85 3-55 5-3 $-05 10.35 9.97 
17.05 17.80 17.95 17.87 18.75 18.6 18.67 18.95 19.55 + : 
37 35 36 9r 102 
9-3 8.77 8.46 8.62 9-4 9-24 9 32 6.4 6.7 6.55 
9-3 8.5 8.9 9.1 9-1 9.1 6 6.6 6.5 
4 9-5 10.4 9-95 9.8 9.8 9.8 12, 12.8 12 
93 94 183 171 177 3 
273 230 236 233 271 290 I 320 326 323 
21 24 22 23 2 23 22 22 23 a 
5-4 4-7 4.6 5.5 5.8 5.65 12.6 12.6 12. 
5.42 6.46 6.52 49 7 6.99 6.99 6.27 6.3 6.29 
5.49 6.54 6.60 6.57 7.08 7-08 7.08 6.35 6.38 6.37 
Per Per |» | Per Per Per Per lr Per Per lr y| Per Per 
cent. T.U. cent. T.U. cent. T.U. cent. T. cent. T. cent. T. U. cent, T. U. cent. T. U. cent. T. U. cent. 
497 | 544 | 4,165 | 63.3 | 4,206 | 63.65 | 4,186) 63.5) 4,514) 68.5 | 4,511 | 70 | 4,513| 69.25 41043 59-9 4,063 | 62.2 | 4,053 | 6x 
154| 2.4 244| 3-7 215| 3.25] 229 3-5| 220] 3.3 142| 2.2 18:1; 25 Fy 264| 4 261 32 | 
5131 | 17.6 | 983) 14.9 | 1,051 15.9 | 1,017] 15.4) 1,116| 16.9 | r,211| 18.8 | 1,164 | 1,948 | 28.85 | 1,852 28.3 1,900 | 28, 
651 1,191 | 18.1 | 1,136 | 17.2 | 1,163 737| 1%.3| 578] 9 657 502| 7.45| 365| s. 434| 6.5 
433 | |6,583| |6,608| |6,595| |6,587| [6,442] [6,515] [6,752 | | 6,544) [6,698] 
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The corresponding smoke diagrams are shown in Fig. 4. 
In tests IV and I combustion ensued with an average pro- 
portion of 14.6 and 14.0 per cent. of carbonic acid at the end 
of the furnace. As they were very incomplete, therefore no 
conclusion can be drawn from them concerning the excess of 
air without a knowledge of the percentage of the unconsumed 
gases;* but at any rate it was very small. In test III the 
average proportion of carbonic acid formed at the end of the 
furnace was 13.4 per cent., and the excess of air about 35 per 
cent.; while for test II this excess was 100 per cent. for an 
average proportion of 9.1 per cent. of carbonic acid at the end 
of the furnace. 

In the latter test the entire available stack draft was utilized 
amounting to about 13 mm. water column at the boiler end. 
The tendency was to produce as little smoke as possible, 
consequently to bring about perfect combustion without regard 
to heat utilization. The coal was thrown. mainly along the 
center and more toward the front portion of the grate, so that 
plenty of air could be admitted along the sides and in the rear 
for combustion of the gases. 

In test III good utilization of the fuel was to be obtained 
with as little smoke as possible. The fireman worked with a 
considerably reduced air supply, therefore a weaker draft, 
amounting to only 6 mm. of water column against 13 mm. 
as before. The coal was thrown upon the front part of the 
grate and after burning was carefully pushed back, especial 
care being taken to keep the grate well covered. 

Test I was made with still less draft in the stack. Without 
any regard to the smoke, the best possible proportion of car- 
bonic acid and the least possible excess of air was to be ob- 
tained. The coal was thrown upon the whole grate uxzformly 
and the burning layer thereby kept thicker. 

In test IV the excess of air was still more reduced. 

The coal used was of English origin, of the West Hartley 
kind, containing about 27 to 29 per cent. of volatile matter, 


* Jn relation to this, see also p. 645, conclusion of note. 
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therefore strongly inclined to smoke making. The average 
heat value was about 6,500 T. U.* 

The hourly evaporation per square m. of heating surface 
was nearly the same on all days, averaging 16 to 18 kg., and 
can therefore be considered moderate. The coal consumption 
varied, according to the utilization desired, between 83 and 
110 kg. per square m. of grate surface an hour. 


VARIATION IN HEAT DISTRIBUTION, WITH THE AIR SUPPLY IN THE 
ORDINARY GRATE, 


No. of Test. 
II. 


2, Through conduction and radiation. 


8 
- 
3 
& 


5, Useful. 


aad Waste heat loss. 


1, Through refuse. 
3, Through imperfect combustion (section-lined area). 4, Through 


Loss : 
waste heat. 


T T T T 
73,0 12,0 71,0 10,0 
Carbonic acid in the hot gases, per cent. 

Fig. 5. 


The graphical representation in Fig. 5 gives a very good 
idea of the results of the test. We see that the loss through 
imperfect combustion, which is represented by the shaded 
surface, can, indeed, obtain a not insignificant importance; but 
this first arises from conditions seldom occurring in practice, 
at least, not permanently. For operating under such condi- 


*See Table III. 
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tions (especially as they existed for test IV, and also for test I, 
weak draft at the boiler end, at the same time maintaining a 
heavy and uniform thickness of coal) is rather exceptional in 
practice. Further, it can be seen that the utilization was best 
when moderately smoking, and by increasing the supply of air 
the smoke could be thoroughly checked, but then the wéz/zza- 
tion of the fuel, in consequence of the great increase in the loss 
of free heat in the waste gases, decreased vapzdly and became 
still less than in the case of test I, where imperfect combus- 
tion had already set in to a considerable degree. In the latter 
it still amounted to 63.5 per cent., compared with 61 per cent. 
during test II, with practically no smoke. But for very im- 
perfect combustion, during test IV,* it fell rapidly below this 
figure to 54.4, while during test III it rose to 69.25 + per cent. 
with moderate smoke making. 


NOTE REFERRED TO IN TABLE I. 


Regarding the heat balance, there is this to be said: The 
heat values have been recalculated on the basis of the quantity 
of pure ash established during the various tests. With the 
original values the distribution of the heat would have been 
as found in Table II. With respect to this, see the foot note to 
Table V. 

The analyses of the coal samples are given in Table III. 

The loss of free heat in the waste gases was calculated ac- 
cording to the formula as laid down in the standard rules for 
testing boilers and engines, viz : 


V= (0-38 (7-47. . & 


*That imperfect combustion existed in a high degree during this test is evident from the after 
ignition observed in the upper flue, which continued for about five minutes, and during which the 
temperature at the end of the boiler rose to about 500 degrees C, the average observed being about 273 
degreesC. Interesting also is the comparison of the total percentages of the carbonic acid and oxygen 
during the four tests, which, according to table I, averaged 17.05, 17.87, 18.67 and 19.25, which figures 
likewise indicate imperfect combustion with progressively decreasing air suppy. 

+ With respect to these figures it must be stated that the conditions of utilization during all of the 
tests have somewhat suffered, due to the porous condition of the brickwork around the boiler. This 
could not be altered for the tests, but it really does not prejudice the insight into the conditions under 
discussion. 
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in which the part contained in the refuse and withheld from 
combustion has been deducted from the total carbon. 

This formula was criticised by Eberle in the “ Journal of the 
Bavarian Steam Boiler Inspection Society,” of'1902, pp. 25 and 
26, where he proves that it is only strictly valid in case the 
velocity of combustion varied proportionately to the amount 
of carbonic acid, while for a uniform velocity of combustion 
the calculation should be made according to the following 
formula 


in which 


and # the number of simultaneous observations of the per- 
centage of carbonic acid and temperature of the waste gases. 

Eberle concludes from his deductions that the calculation 
of the loss of the waste heat from the temperature and the 
percentage of carbonic acid of the waste gases can only be re- 
garded as reliable if the velocity of combustion is uniform, 
and then the calculation should be according to formula (2). 

For the present tests the values found from both formulae 
are given in Table IV. 


Table IV. 


Number of IV I 


May | May | May | May | May | May | May 
Rabel teh eccccndcked 20, | 12, | 13, | 16, | 19, | 14, | 15, 
1903. 1903. 1903. | 1903. | 1903. | 1903. | 1903. 


Loss of heat in waste gases, 


According to formula (1).. 1,128} 983) 1,051 1,116 1,211 | 1,948 | 1,852 
According to formula (2)..| 1,172 | 1,015 | 1,100 | 1,153 | 1,233 2,078 | 1,936 


Difference: 
44 28 49 37 22 84 
In per cent. of the heat : 
value of the coal............ 0.7 | 0.42) 0.74) 0.56] 0.34 1.27 


As is evident, the variations are slight, and for the large loss 
of 30 per cent. in waste heat during test II attain values of 


j 
| 
O 9H W 
a= 0.32 ——, 6=0.48 .. .. (2) 
q 
= 
= 
— — 
} 
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over I per cent., viz: 1.27 and 1.93 per cent., respectively, of 
the heat value of the coal. 

Now, before heat tests can have any claim to accuracy, 
without doubt one’s efforts, for other good reasons, would be 
to establish equal conditions. In the present case it was 
endeavored to attain this if possible where, of course, slight 
fluctuations in the duty, due to the respective conditions of 
management, could not be entirely avoided. Even if complete 
uniform duty could be established and all other conditions 
coming into consideration remain invariable, so far as this 
is possible, still approximately equal velocity of combustion 
could only be obtained in furnaces by continuous stoking 
(e. g. by mechanical stoking, inclined grates and similar con- 
structions). But then, at the same time, the influence of the 
fluctuations in carbonic acid and of the temperature of the 
waste gases would be so slight that any variation obtained 
from the two formulae for the waste heat loss will hardly ex- 
ceed the limits of accuracy of the determination. 

In the ordinary grate, on the contrary, when periodically 
stoked and when using fuels very rich in gas, it is generally 
impossible, though all other conditions remain the same, to 
obtain a velocity of combustion which does not vary. This 
will rather vary from one period of stoking to another in such 
a manner that it will increase rapidly, immediately after stok- 
ing, with the ignited and freshly-thrown on coal, and will then 
again gradually decrease with the diminishing gas abstraction. 
That this is a fact is already evident from the amount of air 
required for such furnaces, in case perfect combustion is to be 
obtained, being generally greater after than before stoking. 

The fluctuation, being conditioned by the more intense 
combustion of the volatile matter in the fuel, will become 
greater the more gas the coal contains and the more rapid the 
abstraction of gas. 

If no special regulation of the air supply takes place, the 
percentage of carbonic acid in the heat gases will be found 
considerably greater during the abstraction of gas than after 
the completion of the same, so that, as a matter of fact, it 
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varies in a similar manner as the velocity of combustion, 
being calculated according to formula (1), therefore in this 
case at least just as much qualified as formula (2). 

On the other hand, if less fluctuation in the percentage of 
carbonic acid is obtained by a proper regulation of the air 
supply, then the variation in the calculation according to both 
formulae will be insignificant. 

Hence if proper care is taken to maintain nearly uniform 
conditions during a test, the determination of the waste heat 
loss according to formula (1), therefore based upon average 
values, will be completely within the limits of accuracy even 
for the ordinary grate,—naturally presupposing that carbonic 
acid tests are frequently made. 

Concerning the waste heat losses and the residue not ac- 
counted for in the heat balance, it may be said, in the case of 
very imperfect combustion (as for example prevailed during 
tests IV and I), that the waste heat loss obtained, according 
to the usual method of calculating, is too large; the residue 
loss, therefore, becomes too small, so that from a comparison 
of the residue losses thus obtained the loss through imperfect 
combustion, as represented in Fig. 5, will be too small rather 
than too large. For such conditions the excess of air and 
volume of the gases of combustion obtained will likewise be 
too large if calculated according to the usual method for per- 
fect combustion. 

If, in the case of imperfect combustion, the combustible in 
the waste gases be determined according to the method prac- 
ticed by Bunte for heat tests in the heat-test station at Muenich 
- (a method quite recently improved by him), whereby it can be 
assumed, without any appreciable error, that all carbon as car- 
bon oxide, and all hydrogen, exist in an independent state, a 
more accurate value for the waste heat loss can be calculated 
as follows : 

Let Crepresent the fraction of the carbon contained in 1 
kg. of coal to be burnt. Further, let ¢, be the loss of carbon 
per kg. in the refuse, ¢, the corresponding loss in unconsumed 
gases, and ¢, that of the soot, and let &, represent the percentage 


= 
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of carbonic acid, & the percentage of carbon oxide, / the per- 
centage of hydrogen, and 7 the grammes of soot found in 1 
cbm. of dry gas. Since during the combustion of 1 kg. of 


carbon in pure oxygen — cbm. of carbonic acid is gener- 


ated (referred to o degree C. and 760 mm. barometric pressure), . 
then, if 7, be the volume of dry gas generated from 1 kg. of 
coal, there results the following relation for the same : 


: 100 
) 
In this expression ¢, is known. If A kg. of refuse with wv 


per cent. of combustible were found after the combustion of 
B kg. of coal, we have 


For ¢, and ¢,, we have the relations 


596 100" 


The two latter expressions substituted in formula (1) give 


, 


LA hy r ( 5) 

Further, let HY be the fraction of hydrogen, and W the 

fraction of moisture per kg. of coal, and if A, is the loss of 


. 
( —¢,. —¢,—¢, ,, 
vu R 
and 
or 
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hydrogen in kg. referred to 1 kg. of coal, then the steam gen- 
erated from 1 kg. of fuel will be 


G, = . . . . (6 
in which 


Then from the specific heat c, per cbm. of gas and ¢,, per 
kg. of steam the waste heat loss found will be 
{e, Cw [9(H —H,) + W)} 
0.536( 100 / 1,000 
(7 
in which 


h 
H, = 0.0896 


On the other hand, the loss through imperfect combustion 
found will be 


kg +h 
V, V, 3000+r x81 (9) 
as the heat value of 1 cbm. of carbonic oxide as well as of 1 
cbm. of hydrogen can be taken at about 3,000 T. U. and that 
of 1 gramme of soot at 8.1 T. U. 


In Tables V and VI are compiled the results of a further 
series of tests, which are also very instructive. 

These tests were made on a battery of five 2-furnace flue 
boilers, containing a total of 470 square meters of grate sur- 
face. The boilers were in continuous operation, and exhib- 
ited good performance conditions. The make and the arrange- 
ment of the boilers are shown in Figs. 6 and 7. 

From a thorough examination of the waste gases, it was 
determined that the boilers were operated with too large an 
excess of air, in consequence of which the loss in free heat in 
the waste gases amounted to from 28 to 29 per cent. of the 
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Table VI.—DATA TAKEN AT THE DIFFERENT BOILERS. 


Coal consumed. Temperature. 


f 


Per hour per one 
acid at the end of 


| Number of trial. 
square meter 0 
heating surface. 

Per cent. of carbonic 
Excess of air at the 
end of boiler. 

Chimney gases. 
Air for combus- 
tion 
Draft at the boiler 
carried away in 
the chimney 


Per hour. 
| Loss in free heat 


| Number of boiler. 
| Per hour per one 
| square meter of 


| grate surface. 


<< 


YUN 


heat value of the coal, for which reason these tests were under- 
taken. It was decided to ascertain how far the excess of air 
could be restricted, and thus determine how much the utiliza- 
tion could be raised. The large excess of air was partly due to 
the fact that the grates were too long, which made it difficult 
to keep the back covered. Before starting the tests the grates 
were shortened. The furnaces were equipped with the Ko- 
witzke upper-air supply, the air being delivered through the 
bridge wall. The duration of each test was ten hours. Dur- 


| pr. ct. 
: | 24.1 a = 
24.2 
| 26.2 
a | 23.3 a 
= | 23-9 
= Be 34 
| 28.4 
| 26.5 
| 16.4 
& 14.7 
15:3 
+ 15.1 
15.8 
I 14. 
$7 
| 23.8 
17-9 
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Figs. 6 and 7. 
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ing the first two days of the tests the boilers were attended by 
the regular firing force from the factory. The excess of air 
compared with the original examination had somewhat de- 
creased (as the boilers were operated under a pretty strong 
draft ; moreover, the firemen stoked badly and did not permit 
the fires to burn down uniformly), but the loss in free heat 
through the smoke stack, according to the heat balance, still 
amounted to about 25 percent. The utilization of the fuel 
was about 67 per cent., and in the refuse was found 1.9 per 
cent., leaving 6 per cent. as a residue. Since the develop- 
ment of smoke was moderate, it may be assumed that the 
residue loss of 6 per cent. is mainly to be credited to conduc- 
tion and radiation. The residue loss can be considered as 
moderate, which is to be attributed to the good condition of the 
brickwork and lagging and to the small amount of radiating 
surface exposed by the five adjacent boilers. 

I wish to add that, for the purpose of determining the waste 
heat losses as accurately as possible, the percentages of car- 
bonic acid and the temperatures of the gases were taken every 
three or four minutes, at the end of each boiler. This was 
also done in the case of the first series of tests. 

For the purpose of establishing the conditions that would 
obtain, if the method of working was changed, it was decided 
to let two firemen instructors take charge of the installation 
on the third and fourth days. The method of working was 
to be changed in such manner that the average per centage of 
carbonic acid in the waste gases obtained on the first and 
second days of the trials was to be increased from 8.6 to 12 
or 13 per cent., or the excess of air of about 115 per cent. 
obtained on the first two days was to be cut down to about 40 
or 50 per cent. To obtain perfect combustion of the gases 
under these conditions (the coal used contained about 30 per 
cent. of volatile matter) it was found that the grates were still 
too large despite the fact that they had already been shortened. 
To bring about the reduced excess of air the boilers had to be 
operated under a very light draft, and, although the doors for 
the supply of secondary air were constantly kept open, the 
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formation of smoke increased considerably. The comparison 
of the heat balances is very instructive. Asa result of cut- 
ting down the supply of air, and in connection with this the 
drop in the gas temperatures at the end of the boilers, the loss 
in free heat in the waste gases fell from 25.1 to 15.2 per cent. 
—very nearly 10 per cent.—but at the same time very imper- 
fect combustion was obtained. In consequence of this the 
residue loss in the heat balance was increased from about 6 to 
II per cent., therefore about 5 per cent. of the heat value of 
the coal was lost due to a more intense smoke formation.* 
But against this loss there was a falling off in the loss of the 
waste heat of nearly 10 per cent., so that in spite of the forma- 
tion of smoke, which was considerable, the factor of utilization 
increased from about 67 to about 72 per cent. 

Of course, matters were not permitted to remain thus: after 
the conditions had been cleared up, the cast-iron bridge walls 
were shifted and the grates still further shortened. 

About three months later a further series of tests were made 
under the same conditions. It was found that the boilers could 
now be operated with a stronger draft, so that, for an average 
of 10.5 per cent. of carbonic acid in the waste gases, there was 
no excessive smoke developed. In spite of the fact that the 
boilers were not in as clean a condition as during the former 
tests (the waste-gas temperatures were relatively higher), the 
utilization obtained amounted to 72.3 percent. ‘The loss in 
free heat in the waste gases was 20.9 per cent., and the loss 
in the refuse, as well as in the residue, were about the same as 
originally. These losses are given in the last column of 
Table V. 

In Table IX are given the results obtained in water-tube 
boilers with lignite, a fuel that is extraordinarily rich in gas. 

As is well known, these boilers often cause the formation of 
very dense smoke, particularly with fuels very rich in gas, 
and therefore, in case the furnace is not well designed, they 
can cause fairly large losses through imperfect combustion. 


*In regard to this see the remarks at the conclusion of note on p. 641, according to which the 
loss in waste heat was really still less and the increase of the loss through imperfect combustion was 


correspondingly greater. 
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The figures in the first three columns are taken from an 
article by Eberle and Reischle, entitled “The main results 
from an engineering standpoint of the activity of the Bavarian 
Association for the Inspection of Steam Boilers,” published in 
the “Zeitsch. d. Vereines d. Ing.,” 1903, page 1039. These 
figures are of such value and interest that they are reproduced 
here. In tests I and II, the point in question was to replace 
the ordinary grates under such boilers by step-grates having 
an upper-air supply, according to the Diirr system. The fig- 
ures in the third column are derived from two tests, both of 
which were carried out with the ordinary grate. One test was 
made with lignite, and the other with a mixture of } Ruhr 
coal and } lignite—a fuel very much poorer in gas. 

In the article mentioned, the following remarks were made 
concerning these tests : 

“ By comparing only the residue losses in this table—in 
which, besides the losses through radiation and conduction, 
are also contained the losses through soot and unconsumed 
gases, as well as possible errors in observation—it can be seen 
that, through the substitution of the step-grate with a second- 
ary air supply for the ordinary grate in tests I and II, the 
combustion, as well as the heat utilization, was materially 
improved. The same thing was obtained in test III by using 
a mixture of 3 Ruhr coal and 4 lignite, instead of all lignite, 
as used in the first test. In this test the residue loss was re- 
duced from 26 to 5.8 per cent.” 

Further it is stated : 

“If water-tube boilers are to be used for burning fuels rich 
in gas, as, for example, lignite, then in selecting the furnace 
arrangement especial care must be taken that the combustion 
is complete in the fire space, for, after the hot gases have once 
entered the tubes, further combustion is almost stopped, due 
to the fact that the gas stream has considerably cooled off and 
split up.” 

Similar results are shown in column 4, Table IX. These 
results are derived from the heat balance of tests taken from 
the “ Journal of the Bavarian Association for the Inspection of 
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Boilers,” November 15, 1903. The tests were made on two 
water-tube boilers of the same size, equipped with step-grates 
and an upper-air supply. One test was made with one boiler 
in use, and the other test with two boilers in use, the steam 
generation being the same in both cases. The fuel used was 
Bohemian lignite. The performance in the first test was 
15.1 kg. of water evaporated per square meter of heating 
surface per hour, and in the second test, 7.23 kg. and 7.53 kg., 
respectively. The utilization in the test with two boilers 
amounted to 70.2 and 72.1 per cent., respectively. The re- 
port on the test says: 

“The result of the test with one boiler with twice the steam 
performance was materially less satisfactory, since only 62.2 
per cent. of the heat was utilized. But the falling off in the 
utilization in this test is to be attributed solely to imperfect 
combustion of the coal. Despite the fact that all openings 
for the supply of air were kept open and the draft in the stack 
was of the best, it was impossible to supply the quantity of air 
necessary for perfect combustion, the result being that the 
carbonic acid averaged 14.5 per cent.—which might be con- 
sidered satisfactory, but at the same time there was a consid- 
erable loss in the residue, amounting to 20 per cent., one-half 
of which is probably due to the unconsumed particles in the 
hot gases. This result could be foreseen by the heavy emis- 
sion of smoke from the stack during the tests.” 

From this it can be seen that, when burning fuels very rich 
in gas in water-tube boilers, there may be considerable losses 
if the furnace is not a suitable one for the boiler, or if the grate 
consumption is too high. 

Returning once more to the first series of trials (Table I), 
test II shows distinctly that it is not a very difficult matter to 
operate boilers (at least in the case of flue boilers) having ordi- 
nary grates with little smoke emission, even for coal very rich 
in gas and a grate consumption up to roo kg., as long as xo 
value is placed upon the utilization of the fuel, and that per- 
fect combustion—therefore smokeless combustion—can also 
exist without good utilization of the coal. 
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It will be understood that, so far as the latter point does not 
enter into the question, care need only be taken to provide a 
supply of air sufficiently large in the combustion space, under 
a good draft, so that it reaches the gases before they have been 
cooled below the temperature necessary for their ignition. 

Moreover, the initial temperature (at least between certain 
limits), with regard to the formation of smoke, is of consid-— 
erable less influence than a lack of air after stoking, as is seen 
from test II, where, as a result of the large excess of air, the 
temperature in the fire space doubtless was at its lowest ; never- 
theless the formation of smoke was least, due to the fact that 
the gases quickly obtained the air necessary for combustion 
That it was not a question of smoke abatement in this case, 
but one of more perfect combustion, is shown by the loss in 
the residue. 

The foregoing statement is further verified by the series of 
tests in Tables I and V, which show that the same importance 
is not to be attached to the loss through imperfect combustion, 
for the utilization of fuels, as that to the loss in free heat in the 
waste gases, even though imperfect combustion, in certain cases, 
can undoubtedly assume an importance not to be neglected. 

As already mentioned, in the practical operation of boilers 
(especially flue boilers), such large losses through imperfect 
combustion, as were intentionally brought about in the 
first named series of tests, are exceptional. The reason 
for this is that, as a rule, smoke development usually occurs 
only for a short period after the stoking and working of the 
fires—and especially when the fireman permits the fires to get 
too low, then upon stoking throws in too much coal and impru- 
dently stirs the fire. If in such a case, by working more 
carefully, not only a decrease in smoke formation occurs, but 
the utilization itself can also be considerably raised, then the 
latter is due to the fact that the waste heat loss becomes less. 

With the method of firing—frequently met with—there 
arises, besides the temporary intense smoke development, 
generally a large excess of air, and with this a heavy loss in 
waste heat. The formation of smoke is of course brought 
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about through a lack of air, which only continues during the 
very rapid abstraction of the gas from the fuel. After the 
termination of the gas abstraction, the quickly formed vacant 
places on the grates produce a considerable excess of air, and 
in this way cause an increase in loss through waste heat. 

The increasing of the utilization by adopting a better method 
of working is therefore not to be attributed—as the layman is 
inclined to accept—to the difference in loss through imperfect 
combustion, but is mainly due to the variation of the losses 
in free heat in the waste gases. 

Therefore these tests and discussions show that the develop- 
ment of smoke is not, as a rule, accompanied by a large loss 
in fuel, as is generally supposed by those who are not familiar 
with the question. Undoubtedly as a result of a lack of under- 
standing of the principles involved in the management of fur- 
naces, vast quantities of heat are lost, so that it well pays to 
give more consideration to this than has generally been the case. 
The losses are not so much to be sought in the smoke, as in 
the invisible escaping waste heat of our furnaces. If, there- 
fore, by the abatement of smoke development economic inter- 
ests are not directly affected to the extent frequently supposed— 
the question generally being one of public interest—neverthe- 
less both questions, the abatement of smoke and extreme 
utilization of fuels, are so intimately connected that, to obtain 
a wholesome progress, it will not be well to treat one without 
the other. 

Smokeless working is, in ener more difficult the more 
we attempt to obtain economical combustion, hence, the more 
we strive to restrict the excess of air. These very conditions, 
therefore, constitute the p7th of the whole smoke question, and 
in them lies the difficulty of the solution of the smoke ques- 
tion, if this is to be obtained in a simple manner, guarantee- 
ing certainty in management and at the same time good 
utilization of fuel. 

It is not sufficient to furnish a supply of air in keeping with 
the demand, but this supply must be so regulated that the 
minimum amount of air may be thoroughly mixed with the 
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gases before they have had time to cool down too much. We 
must not, for the sake of economy, demand the maximum de- 
crease in smoke formation, but should rather be contented 
with a condition to be designated as /ight smoke. 


NOTE REFERRED TO IN TABLE V. 


These heat balances are based upon the heat values as found 
by the recalculation from the percentage of ash determined 
from average samples taken during the tests. The distribu- 
tion of heat obtained from the original values is shown in 
Table VII. 

The reason for making a recalculation was due to the large 
variations in the utilization and residue loss, as seen in Table 
ViIl—obtained from the duplicate tests I and II, as well as from 
those of III and IV—in spite of the slight differences in the 
factors of evaporation, and in the number of heat units utilized 
per kilogram, based upon the heat values of the samples. 

There is undoubtedly ground for objecting to the recalcula- 
tion, inasmuch as a complete and certain determination of the 
percentage of pure ash may be impracticable, a part of the 
ash being carried along in the flues. For fuels producing 
much, and specifically light ash, such as lignite, the amount 
of ash carried along in the flues will be considerable and 
hence would prohibit such a recalculation. However, in the 
present case, where the boilers were operated partly under a 
very light draft, the error in the determination of the percent- 
age of ash could not have been large. Furthermore, the 
error would have to manifest itself similarly for all tests; 
consequently, as a comparison for the residue losses, which is 
the point in question here, the error would disappear. Very 
careful attention was, of course, given that the process of clean- 
ing fires was effected at exactly the same time before be- 
ginning and before terminating each test. There was also no 
fluctuation of the load on the boilers during the various tests. 

Therefore, the reason for the recalculation in the present 
case, where about 10,000 kilograms of coal were consumed dur- 
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ing each test, may be seen by a comparison of the various col- 
umns. ‘Table VIII contains the analyses and heat values of 
the average samples of the coal, as well as the calculated heat 
value of the combustible matter. In this table are the per- 
centages of ash found from the total coal fired on each day 
of the tests, as well as the heat values recalculated on the 
basis of the percentage of ash, as used in Table V. The per- 
centage of ash found in the samples varied, as is evident from 
the table, between 4.6 and 10.5 per cent., while the tests them- 
selves gave a minimum value of 6.1 per cent., the maxi- 
mum value being 7.6 per cent. From two samples, taken on 
March 4, 1903, and analyzed in two different laboratories, the 
percentage of ash amounted to 9 and 5.88 per cent., respect- 
ively, while 6.96 per cent. was obtained from the test on the 
same day. Considering the amount of coal consumed, the 
latter value is probably the more accurate. 

That the heat values of the first four tests could not vary from 
each other at the rate shown in Table VII, is proved by the 
agreement of the heat values of the combustible matter as well 
as by that of the parts of the refuse by weight (TableV). Besides, 
the close agreement of the values for the heat utilized in T.U. 
could—especially in the case of tests I and II—hardly be pos- 
sible if the actual heat values so largely disagreed, as would be 
the case according to the average samples. 

Even if the reason for recalculating the series of tests given 
in Table I (for which Table III contains the tabulation of the 
coal samples) is not so apparent, nevertheless, it seems to me 
quite opportune to refer to these conditions at this point ; for, 
from what has been said, it follows that the determination of 
the heat value in the usual manner, viz: by the sample test, 
even if very carefully carried out, still forms a considerable 
source of error, which may be the cause of many discrepancies ; 
and it is, perhaps, not unjustifiable to agitate this matter, in 
order to find out if a greater degree of certainty could be ob- 
tained. 

The heat value of the combustible matter in coal is, without 
doubt, obtained with sufficient accuracy by the usual method 
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in vogue. Therefore it would only be a question of deter- 
mining the percentages of ash and moisture—which, of course, 
can vary considerably—with a greater degree of certainty, per- 
haps by using larger quantities for these examinations. 

For considerable variations in the percentages of ash of the 
usual average samples, when compared to those values deter- 
mined from the whole test, it seems to me—for comparative 
purposes—more accurate to base the comparison on the heat 
values as recalculated in the preceding manner, especially 
when sufficient care is taken in the determination of these 
values. 


II. WAYS AND MEANS FOR THE ABATEMENT OF SMOKE 
DEVELOPMENT. 


I now come to the second part of my paper, viz: the ways 
and means for the abatement of smoke. 


Use of Special Fuels. 


Thesimplest remedy for preventing the appearance of smoke 


is to use fuels that contain little or no volatile ingredients. In 
doing so we are not dependent upon the skill and attention of 
a fireman, and the ordinary grate, correctly proportioned, will 
be quite adequate. 

Disregarding the fact that such fuels are not to be obtained 
in superabundant quantities, and therefore their extensive or 
compulsory use would, in general, greatly increase the cost, 
their use would in other respects be subject to certain restric- 
tions. It is evident that fuel is less inclined to burn the fewer 
the volatile and easily ignited substances which are separated 
during combustion, therefore the less tendency there is to 
produce flame. 

In cases where the variation in steam consumption is very 
marked and rapid, such fuels may fail, inasmuch as the heat 
development cannot follow with sufficient rapidity the increase 
in steam consumption, and therefore a constant pressure can- 
not be maintained, or for a decrease of the steam consump- 
tion the heat development cannot be checked rapidly enough. 
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Both of these reasons would prevent the use of such fuels for 
many installations. Anthracite and coke, for example, burn 
without forming flame, and can only be used for very uni- 
form work, or require, if the steam consumption is some- 
what variable, sufficiently large water volumes, z. ¢., amply 
large, and therefore moderately worked boilers. On account 
of the slow rate of combustion, such fuels, of course, require 
more grate area for the same boiler performance, which like- 
wise leads to boilers that are large, expensive and occupy 
much space. Such fuels also require a stronger draft. 

It is not, however, intended to argue that where these fuels 
can be employed or where the conditions for obtaining them 
are favorable they should not be used. In view of the fact 
that special fuels make it possible to obtain smokeless com- 
bustion, or at least combustion accompanied by light smoke, 
entirely independent of the attendance, they come into con- 
sideration principally for furnaces where the prevention of 
smoke must be assured; for example, installations situated 
in localities in which there is much traffic, or adjacent to 
public squares, etc., where intense smoke development would 
be found especially annoying and burdensome. It is impos- 
sible, however, for industry to restrict itself to the exclusive 
use of such fuels; for, without regard to the cost, coals rich in 
gas are generally, from an engineering and business point of 
view, far more valuable than those poor in gas. 

There is yet to be observed that in many cases mixtures of 
different kinds of fuels, for example, anthracite screenings and 
coal, have proven advantageous. Experience with this kind 
of fuel for water-tube boilers has been very satisfactory. 


The Employment of Special Methods of Attendance and 
Special Furnace Arrangements. 


For coal rich in gas the question is—as fully discussed in 
part one—to regulate, as much as possible, the supply of air 
for the varying needs during stoking, if combustion is to be 
effected with slight smoke development and at the same time 
economically. 
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As long as the coal consumption is moderate this can be 
attained ina satisfactory manner with the ordinary grate by 
careful working ; the fuel being thrown only on the front part 
of the grate, after having pushed back the glowing coals. In 
this way the gas is slowly abstracted from the coal; the air 
required will vary but little, and it will not be difficult to 
obtain combustion accompanied by light smoke for a rela- 
tively slight excess of air. Smoke development can also be 
restricted by a uniform spreading of the coal in small quan- 
tities. But experience has shown that a larger excess of air 
will be necessary as the variation in the amount required is 
greater, and therefore the supply of air, if sufficient during 
the abstraction of gas, will subsequently be too large. 

The moderate coal consumption required for the success of 
these methods of working naturally presupposes large instal- 
lations, the existence of which no doubt would, in general, be 
in the interest of extreme utilization of fuel. 

The greater the coal consumption the more difficult it be- 
comes to work the ordinary grate with a moderate supply of 
air without developing considerable smoke, since more coal 
must be added in the various charges, or, if thrown near the 
front of the grate, the coal must be pushed back before gas 
abstraction has been completed. Therefore neither of these 
operations could be performed, without the production of 
smoke, should the air supply suddenly become insufficient. 

The rate of combustion, especially when using coal rich in 
gas, must not fall below a certain limit, for without an excess 
of air the draft will be too light, the result being a smoulder- 
ing fire and imperfect combustion. 

As is well known, to assist the fireman in bringing about 
perfect combustion and at the same time to be less dependent 
on his skill, a great many contrivances have been invented. 
They can, in general, be divided into two main groups. One 
group endeavors to regulate the supply of air uniformly, either 
by continuous stoking or by causing first a slow abstraction of 
the gas from the coal, during which the volatile substances 
flow off over the glowing coals or through them. To this 
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group belong furnaces with mechanical stokers, coal-dust fur- 

‘naces, furnaces with inclined grates, basket-grate furnaces and 
similar arrangements. The other group retains the continuous 
stoking feature, and seeks to meet a possible variation in the 
air required by regulating the supply by the introduction of 
so-called secondary air in the burning gas stream immediately 
after the stoking and working of the fires. 

I am well aware that many manufacturers are very suspi- 
cious of any special contrivances for restricting smoke develop- 
ment, and, as a matter of fact, this is fully justified in the case 
of a great many of those that have been proposed. 

Apart from the failures caused by such faulty constructions, 
aversion to these contrivances has been frequently produced 
through the exorbitant claims for economy made by the 
over-zealous inventors. With respect to durability and safety 
in operating, much is yet desired. Frequently proper consid- 
eration is not given to the fact that the effectiveness of any 
arrangement is limited to certain conditions of manufacture ; 
and, finally, disappointment has been caused by the fact that, 
even in well constructed furnaces, success is very much de- 
pendent upon the diligence of the fireman. 

It is not my object to discuss fully these various construc- 
tions, though I would like to give the characteristics of the 
main groups mentioned. 

For the large class of flue boilers having internal furnaces, 
for example, arrangements with upper-draft air supply occupy 
a prominent place and are not to be underrated. They are 
based on the well-known principle of providing the large 
quantity of air required for combustion immediately after 
stoking or working of the fires, by simultaneously introducing 
it, above and at the back of the grate, directly into the burn- 
ing gas stream. For this, of course, the greatest variety in 
arrangement is possible. The air can be introduced at the 
front through the fire door or through special openings; it 
can be introduced at the sides of the grate, or the bridge wall 
can be used for this purpose (in which case it must be of a 
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perforated construction) ; or, finally, it can be introduced in a 
special combustion chamber, built back of the bridge wall. 

Even if these arrangements, without regard to their dura- 
bility or adaptability, are not all equally effective (but will 
require a more or less large excess of air, according to the man- 
ner in which it is supplied), nevertheless the widely-accepted 
opinion that they a// tend to produce light smoke does not 
quite agree, in the majority of cases, with the facts. 

The effect of the upper-air supply can be easily demon- 
strated by leaving the fire door slightly open immediately 
after working the fires and as long as the main gas generation 
continues. I have caused this test to be frequently made 
during consecutive analyses of the waste gases and, when 
properly carried out, no impairment of the utilization was 
apparent, while the abatement of smoke was quite manifest. 


Tables X and XI. 


= 
Data taken at the end of boiler. 3 
= > | 
6/6 
Table X per ct.| perct.| °C.| °C. | mm. | per ct 
Io. |289| 17 | 14.8 | 20.2 
Incharge of fireman instructor.............. 12.8 | 6.1 |292| 16] 9.5 | 14 
regular fireman after being : 
instructed 11.7 | 7.3 |276| 14| 84 | 14.5 
First 13. 5-7 |310/ 23 | 9.8 | 14.3 
pe 3 5- | 314) 3 3-3 
Examination......... 339| 20 | II. 26.2 
In charge of fireman instructor............. TZ. | cccce - |326| 20] 4 18.4 
regular fireman after being 
|. 317| 20] 3.5 | 16.9 
10.9 | 8.4 |335| 28] 3.5 | 16.2 
Second 12.4 | 6.6 |349| 13 | 6. 18. 
Third inspection (lighter duty)............ 12, 7-3 |239| 18 | 2.5 | 12. 


Relative to this, there is given in Table X an example of 
waste gas analysis, which clearly shows that, compared with 
the pernicious influence of the existing inadequate method of 
working (discussed in the foregoing), there can be no question 
of impairment of the utilization by supplying air through the 
fire door or in any other way, provided it is done effectively 
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and at the proper time. For the conditions as they existed 
in the case which forms the basis of Table X, the average per- 
centage of carbonic acid found at the end of the boiler was 
only 8.8 per cent., and the waste heat loss was about 20 per cent. 
At the same time the coal, which was of a quality strongly 
inclined to gas producing, gave off dense smoke after stoking 
and working of the fires. By expert working and regulating 
the supply of air in the manner indicated, an average propor- 
tion of carbonic acid of 12.8 per cent. and a decrease in the 
loss of the waste heat of about 14 per cent. could be obtained, 
the smoke making being quite moderate. From this it fol- 
lows that it was not a question of smoke abatement alone, but 
that perfect combustion also set in for a moderate supply of 
air. After thisa fireman-instructor was put incharge. Similar 
results, however, were also obtained from a test made with the 
regular firemen—after having been instructed, but entirely 
uninfluenced while in charge—as well as during subsequent 
inspections. 

This remedy—leaving the furnace door slightly open to 
supply the necessary air—can, of course, be regarded only as 
a makeshift, for it demands of the fireman, especially if he 
has to look after several furnaces, very much attention. If the 
door remains open longer than necessary, an excess of air re- 
sults and, consequently, an increase of the waste heat loss, as 
in the case of improper stoking. * 

To obviate this a great many automatic devices have been 
invented, which at certain intervals of time admit the neces- 
sary air by means of a gradually-closing damper, correctly 
timed. 

As a matter of fact, very satisfactory results can be obtained 
with such devices if correctly adjusted and expertly managed, 
as was demonstrated in a series of tests carried out by our 
association. t 


* For this the fireman must be in a position to observe the top of the k, an ar 
which, it may be said, should always be made. 

+ This association, for the purpose of clearing up certain questions (among which was that of the 
value of the upper draft), has carried out thorough tests under the most varying conditions. An in- 
stallation was especially provided, for which an allowance of 6,000 marks was granted on the 
occasion of the anniversary of the German industry, and a report will be shortly forthcoming. 
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In regard to the question of utilization in these furnaces, as 
compared with the ordinary grate, without doubt some invent- 
ors go too far. It is generally overlooked that even if on the 
one hand more perfect combustion is obtained, on the other 
hand the air supply, though the method of working remain 
the same, is somewhat increased, and with this the waste heat 
loss is greater; it follows from this that utilization can increase 
only when the former influences predominate. 

Therefore it will not generally be a question of any very 
great differences; but, if actual differences have been estab- 
lished, they are generally not to be attributed to the principle 
of the furnace, but to a different method of working adopted 
by the fireman or to a more sparing supply of air (provided, of 
course, everything else has been correctly carried out as de- 
described in the foregoing). * 

Furthermore, even if such devices make it easier for the 
fireman to work, with less smoke development than with the 
ordinary grate, the fact is self-evident that their effectiveness 
presupposes expert management. ‘Their advantage, however, 
is in making it possible when using coal rich in gas to operate 
with a moderate excess of air, without incurring the danger of 
dense smoke making, which would be unavoidable in the case 
of failure of the secondary air supply under similar conditions. 
From an economical point of view such arrangements are not 
less dependent upon the fireman than the ordinary grate. 

As soon as it becomes necessary to work with a greater 
supply of air to obtain perfect combustion more heat escapes— 
invisible, of course, but in any case not useful—through the 
stack, and the utilization suffers. After all, it cannot be 
maintained that such furnaces, without expert attendance, are 
less economical than the ordinary grate under the same con- 
ditions. Inthe numerous tests carried out by our Association 
we have, of course, encountered many such installations oper- 
ating with bad utilization, where the average proportion of 
carbonic acid at the end of the boiler was 6 and 7 per cent., 
but still not more frequently than in the ordinary furnace 


*See especially p. 656, last paragraph and the following. 
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grate operated in the same manner. On the whole, it was 
shown that an average proportion of carbonic acid of 10 to 12 
per cent. at the end of the boiler could be easily obtained in 
connection with satisfactory conditions of smoke making. 

A further advantage of this type of furnace is the simple 
manner in which it can be combined with the ordinary grate 
and the good qualities of the latter be retained. They also 
permit a reasonably high coal consumption without losing 
any of their smoke-preventing qualities. 

The main disadvantage of furnaces with an upper-air supply 
is that by incorrectly adjusting this draft more air is admitted 
than necessary, thus causing a loss in economy. ‘This can be 
met by regular and expert supervision, as practiced by the 
Association for the Management of Furnaces and the Con- 
trolling of Smoke, of Hamburg. 

As an example, I have chosen the results of an installation 
(to which might be added a series of similar ones) given in 
Table XI. The problem given here was that of four flue boilers 
equipped with Kowitzke furnaces. In connection with this it 
should be stated that the inspections were made unexpectedly, 
and the examination of the installation was made in the con- 
dition found at the time. The values clearly show that it was 
possible to work with quite a moderate excess of air and with 
satisfactory utilization. The combustion was satisfactory, pro- 
ducing a light smoke. 

Any defects resulting from a change in the working force, 
different kinds of coal, or varying conditions of management, 
can be easily removed in this manner by frequent inspections, 
which the association undertakes to make once in every four 
months. 

For the other large groups of furnaces having either con- 
tinuous or interrupted stoking the process of combustion is 
not disturbed. In this case the excess of air naturally can be 
more readily diminished, without questioning the attainment 
of perfect combustion, so that generally from these arrange- 
ments higher values of utilization are to be expected than 
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from the ordinary grate or from constructions that are only 
additions to the latter. 

As a matter of fact, among these are to be found a series of 
thoroughly tried furnaces. I need only recall without enter- 
ing into details the various arrangements of the Tenbrink fur- 
nace, inclined-grate furnaces, and similar constructions. In 
most of these furnaces is has been shown, especially for fuels 
strongly inclined to gas producing, that an upper supply of 
air into the burning gas stream is practicable. For the uni- 
form combustion to be had in these furnaces such supply can 
be easily regulated. 

The same applies to furnaces having mechanical stokers. 
Unfortunately, the useful constructions of this class—requir- 
ing infrequent repairs, and thus maintaining their good qual- 
ities—can, as a rule, be used only for coal of a uniform 
quality. If they could be made to burn, successfully, the 
ordinary run-of-mine coal, the question of their use would be 
of considerable importance, especially for large installations, 
where a smaller working force would be required. 

These constructions are, in themselves, of course, more ex- 
pensive than the ordinary grate, besides the additional attach- 
ments required. They also call for boilers partly of special 
construction, or require an increased expenditure for mainten- 
ance. The greater cost, it is true, is generally counterbalanced 
by a better utilization; but the paying qualities will always 
depend materially on the cost of the coal, and for this reason 
these arrangements have been largely introduced into locali- 
ties where coal is expensive. ; 

That a more perfect arrangement also requires to be prop- 
erly handled and supervised, if it is to work continuously and 
in a reliable manner, is certainly a well-known fact, and this 
is of such importance that we cannot afford to neglect it. 

It would be conducive to a wholesome progress if inventors 
would, first of all, relinquish the idea of improving the economy 
while trying to prevent smoke. At any rate more account 
should be taken of the actual conditions, which, I believe, I 
have to a certain extent set forth, and which indicate that the 
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main losses are not to be sought in the smoke; consequently it 
should be considered satisfactory if we are able to bring 
about combustion accompanied by light smoke aé the same 
time preserving the economy. If the economy is raised, which 
in many cases is not impossible, so much the better. 

As long as coal is burned we shall never obtain a universal 
furnace that will meet the varied requirements, owing to the 
many properties of the fuels, to the peculiarities inherent in 
management, to different types of boilers, and to local condi- 
tions. In like manner, we need not anticipate new construc- 
tions obviating the making of smoke in a greater degree than 
heretofore. 

Moreover, it must be particularly pointed out that the effect- 
iveness of all furnace arrangements for smoke abatement are 
dependent upon the injurious effect on the boiler, and that 
even the best arrangements can fail if the rate of combustion 
(2. é., the coal burnt per square meter of grate surface in a unit 
of time) exceeds certain limits. 

Still, good results can yet be obtained, for certain condi- 
ditions, with various arrangements; but to exceed these con- 
ditions, even in the interest of economy, does not recommend 


itself. * 
The question of attendance is of vital importance for all 


* Dense smoke formation is very often mainly attributed to overloading of the boiler. In reality 
there are not many installations in which this condition is such that it would not be possible to bring 
about satisfactory conditions through suitably designed furnaces and exfert attendance. For ex- 
ample, coal containing much gas can be burnt on an ordinary grate, in a flue boiler, at the rate of 
150 kg. per sq. m. of grate surface per hour with a moderate excess of air, and little smoke, pro- 
vided there is arrang t, properly regulated and handled, for an upper-air supply. 

Increasing smoke formation with an increase of the load in a boiler installation can in most cases 
be traced to the fireman who keeps the grate well covered to satisfy the increased demand in steam 
consumption; in so doing he works with a smaller excess of air than would be the case if the load 
were lighter. If care is not taken after stoking to provide a proper supply of air, then dense smoke 
formation cannot be avoided. ‘ 

Similar conditions obtain in the case of the draft. Installations in which the draft is so meager 
that the quantity of air required for perfect combustion could not be admitted are rarely found, while 
the condition of working with too much draft is nearly always the rule. 

The increase in smoke formation with increasing load can often be traced to a decrease in the 
excess of air; therefore the bringing about of perfect combustion without proper expedients is 
impossible. 

The case is by no means rare where, despite an increase in smoke formation, utilization im- 
proves with an increasing load by reason of a reduced excess in air. Such improvement occurs 
also when working, as is frequently the case, with a light load and full draft of the stack, #. ¢., with 
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furnace arrangements. Upon this question I have dwelt at 
length for furnaces having a secondary air supply. 


Education and Supervision of the Firemen. 


Correct training and, more particularly expert supervision 
and control of the fireman, ts of fundamental importance in the 
whole question of management of furnaces. 

The Association for the Management of Furnaces and Con- 
trolling of Smoke, of Hamburg, takes hold of this question in 
the following manner: 

“After all the conditions have been thoroughly examined by 
an engineer, a fireman instructor, through his own efforts and 
example, shows the fireman on the ground what may be 
obtained for the special conditions. ‘Based upon the results 
thus obtained, the firemen are then placed under the direction 
of a fireman instructor until they have thoroughly mastered 
the various manipulations. After this the examination is 
repeated by the engineer, and the results noted, the progress 
made being shown the firemen, and their knowledge of the 
correct management of a furnace thus increased. At the same 
time, the association seeks to impress upon the managers or 
others in charge the need of supervision and systematic con- 
trol to prevent relapse into former bad practice. 

“Tn this, we believe, we are on the right path and, in any 
event, attain more in this manner than through fireman 
schools, fireman examinations,” etc. 

The establishment of schools for firemen was also consid- 
ered by our association in Hamburg; but I am of the opinion 
that the effect of such schools upon the management of fur. 
naces will not be as marked as is generally expected. The 
whole question is not so much one of knowledge as of a cer- 
tain, easily-obtainable, skill; and more particularly ts it a 
matter of reliability and constant attention to the main points 
at issue. 

Therefore, owing to the shortcomings of mankind, without 
a constant and expert supervision, permanent success will never 
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be achieved. Such supervision would continually tend to- 
ward, and produce rules for, correct working, and it would also 
take due cognizance of any variation in the conditions. 

Similar instructions repeatedly given in specially selected 
installations are of course much more simple and less tedious, 
full regard being had to the peculiarities of management in 
each case, than instructing individually on the ground. 
However, it is an ever-recurring experience, with the varying 
conditions exhibited in this field, that firemen, in most cases, 
can only be convinced by showing them in their own installa- 
tions with its individual peculiarities, that improved working 
is possible. 

It is likely that courses of instruction in this branch would 
meet with more success if they were given to those in charge 
of firemen. For in these very circles it is of the utmost im- 
portance that the understanding of the procedure for the man- 
agement of furnaces be better than it is at present, as success 
depends very materially on the expert, and, if necessary, de- 
termined manner of supervision during working. Influence 
in this direction is also to be obtained in a thoroughly satis- 
factory way along with the method adopted by our association 
for the education of firemen. 

In regard to the duty of fireman instructors, I wish to say 
further that fireman instructors have now been in vogue else- 
where for some length of time. But my observation of this 
institution has convinced me that if anything really substan- 
tial is to be done, the efforts of the fireman instructor must be 
guided by atrained engineer. Asa rule, the fireman instructor 
himself can only be one who carries out orders. In the case 
of the judgment of furnaces—simpler installations excepted— 
problems are presented which demand for their solution 
more knowledge and ability than can be expected of a fireman 
instructor who comes from the working classes. 

I, therefore, proceeded in such a manner as to have the 
association engage, first, one scientifically-trained engineer 
and later on another; both were familiar with the manage- 
ment of boilers, and besides, they were required, for some 
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time, to work as firemen in various installations. Each of 
these engineers is given a fireman instructor, and the necessary 
examinations, instructions, etc., are carried out by them to- 
gether. I believe the results thus far obtained have justified 
this method. 


III. ECONOMY GAINED IN SUPERVISING THE MANAGEMENT 
. OF FURNACES. 


It is my wish to mention the importance—not to be under- 
rated—of the examination and supervision of installations 
when carried out in the manner indicated; and I would also 
especially refer, from the view point of economy, to the analysis 
of the waste gases. 

From the first part of my subject it is clear that the obser- 
vation of the top of the smoke stack alone in no way suffices 
to form an adequate judgment of the working of a furnace, 
but is of real value only when combined with a correct analysis 
of the waste gases. 

Of course these analyses are little comprehended at first. 
It is recalled that the factor of evaporation is something more 
tangible, and that the knowledge of the same for judging the 
conditions in a practical way is sufficient. But this is only 
correct up to a certain point; for, apart from the fact that 
reliable determination of the factor of evaporation is compara- 
tively circumstantial, and from the further fact that many 
sources of errors existing in establishments are unknown to us, 
its value is always to be regarded only asa relative one. Its 
importance is by no means to be misjudged, but taken alone, 
without simultaneous analysis of the waste gases, it never 
shows whether the fuel in an installation has been actually 
utilized, as might be reasonably expected ; while this always 
follows from waste gas analyses. ‘These analyses not only 
show, in a simple manner, about how much is yet to be gained 
under the conditions existing, but with their assistance it is 
also comparatively easy to establish whether the cause of in- 
efficient utilization results from the method of working adopted 
by the fireman, badly proportioned grate surfaces, porous brick- 
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work, poorly cleaned heating surfaces, errors in the lead of the 
gases, or the conditions of the draft, etc. 

Asa matter of fact, the waste gas analysis when correctly 
carried out is an extremely valuable means of supervision for 
actual practice. They hold at least the same relation to the 
furnace as an indicator test for a steam engine. 

As to the significance, however, of the waste heat loss for the 
utilization, which can only be found in this manner, we are, in 
general, not yet well informed. 

The opinion often prevails, even in well arranged establish- 
ments, that so long as there is no smoke made, everything else 
is satisfactory. In this we either forget, or else we are not 
clear upon the subject, that a much greater excess of air might 
exist (even in the case of a good arrangement) than would be 
necessary to obtain, when working with efficient attendance, 
light smoke. Hence, a regular supervision of the management 
of furnaces by means of waste gas analysis is in any case very 
valuable, for only thereby can it be established whether the 
fire in relation to the smoke and in relation to the utilization 
of the fuel is properly managed. 


IV. DOMESTIC FURNACES. 


As already mentioned in the introduction, in many cities, 
during the winter months, responsibility for the smoke nuisance 
rests as much with the domestic furnace as with furnaces of 
industrial establishments. 

A partial relief can of course be obtained in this field by the 
use of fuels making light smoke, such, for example, as lignite 
briquettes, which are much used in Berlin. 

Coke and anthracite are also well adapted for domestic pur- 
poses. But, despite the economical arrangements to be had 
for the latter fuels in the self-feeding stoves, their use, as well 
as those of briquettes, is already limited, owing to the fact that 
in many places they are considerably more expensive than 
coal and an increased demand would raise their cost. It would 
also be impossible to obtain them everywhere in the requisite 
quantities for general use. 
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By improving the construction of the stoves something, 
to be sure, might yet be obtained ; but, precisely as in the case 
of the large furnaces, the effectiveness of these small stoves, 
even for the best constructions, depends on expert attendance. 
This is, however, for the class of employés in question, not to 
be expected in an adequate degree, and a successful influence 
in this direction would be impossible. 

Without doubt more can be obtained from central heating 
stations, which are constantly becoming more numerous, 
despite the fact that detached furnaces burning coal are in- 
efficient as well as inconvenient. In the smaller of these 
central stations coke furnaces are generally used on account 
of the low percentage of gas contained in this fuel and the 
attendant simple and safe working conditions, with no smoke 
nuisance. In the case of the larger of these central stations— 
the heat generators being generally steam boilers, with large 
furnaces requiring constant attendance—they can be treated 
in the same manner as the furnaces of regular industrial 
plants. 

Perhaps the present competition between the gas engine 
and steam engine may result in producing a cheaper gas for 
general use. This would make a more extended use of gas 
possible for cooking and heating, forming, of course, the most 
effectual relief. 

To briefly recapitulate the ways and means for the abate- 
ment of smoke in industrial furnaces we have the following 
points : 

1. Education and supervision of the firemen. 

2. Improving the furnaces with respect to construction and 
management, 

3. In case nothing can be attained in any other manner, or 
if we want to be absolutely certain, then ¢he use of fuels pro- 
ducing light smoke. 

None of these ways, taken alone, is wholly satisfactory, but 
by taking them all together, and perseveringly pursuing them, 
without doubt progress can be made. 
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At this point, gentlemen, I have, practically, concluded my 
address, but I wish to add a few general comments. 

My deductions may have shown that, as respects smoke 
abatement, nothing satisfactory is to be obtained by way of a 
smoke prohibition law, because the conditions for that are 
entirely too complicated. If, furthermore, industrial interests 
should not only object to the compulsory use of certain kinds 
of fuels, but also to a general law for the employment of 
special furnace arrangements, then, in my opinion, owing to 
the conditions which prevail in this field, such objections 
would be, in a great measure, justifiable. The question is not 
only one of providing such special arrangements, but they 
must also be adapted to the existing conditions, and, further, 
must be correctly managed and intelligently supervised. The 
latter point—skilled and intelligent supervision—is of the 
greatest importance for the entire success of these arrange- 
ments. Therefore, the authorities would also have to adopt 
the needful precautionary measures in this direction if such 
laws are to be of any benefit. But considering such muni- 
cipal measures, and what has been, and might yet be accom- 
plished by them, I believe that an easier and surer solution 
would be obtained through concerted and harmonious action 
on the part of the manufacturers interested; that is, a policy 
of mutual help, such as pursued by the Hamburg association. 
The management of these combined interests should be assured 
of an opportunity to exert educational pressure, and also re- 
ceive the confidence and support of the city authorities, such 
as is given to the societies for boiler inspection. All this 
would be most conducive to the aims of such a union among 
the manufacturers; but it is evident that, besides, the man- 
agement should possess the power to act in an advisory capa- 
city in the case of any new installations made in establish- 
ments which come under its supervision. 

For industry, the way here outlined has the absolute ad- 
vantage, that (except in some cases, where the use of special 
arrangements cannot possibly be avoided) full attention is given 
to obtain extreme utilization of the fuels, and the owner is 
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guaranteed that all conditions are duly considered. Moreover, 
the owner may command at any time expert advice on all 
questions relating to the management of furnaces; his plant 
in regard to economy will be regularly controlled, and his em- 
ployés will be constantly guided and instructed. But such 
matters as these (and they are not matters for the municipal 
authorities either to consider or settle) could all be readily 
solved by the officers of the association, owing to their close 
and constant contact with the various establishments and 
knowledge of peculiarities of management, etc. It would not 
be difficult for them to discover the means needed to restrict 
smoke development, without exposing the owner to the risk 
of costly experiments. 

With this I shall conclude my remarks. Owing to the 
vital nature of this problem, the industrial world is much 
interested in the proper method of procedure, and in my discus- 
sion I have endeavored to describe the start which our associa- 
tion has made, and give an idea of the work already accom- 
plished along the lines pursued. My statements will have 
achieved their end if, together with the association’s record 
up to the present, some profit to local interests results, and an 
incentive is given elsewhere to further progress in dealing 
with this important question for the general welfare. 
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THE U.S. S. GALVESTON. 


GENERAL DESCRIPTION—STANDARDIZATION, OFFICIAL AND 
ENDURANCE TRIALS. 


The Galveston (Cruiser No. 17) is one of six sheathed, pro- 
tected cruisers, known as the Denver type, authorized by 
Congress in 1899. 

The contract for the Ga/veston was awarded to the William 
R. Trigg Co., of Richmond, Va., December 14, 1899, who 
were to deliver her completed in thirty months, or in June, 
1902. Contract price, $1,027,000. Owing to various delays, 
due to non-delivery of material, the time for completion was 
extended to September 15,1903. On December 24, 1902, the 
W. R. Trigg Co. failed, and the contract was declared forfeited 
May 14, 1903. A board of naval officers was appointed to 
make a complete inventory of all work done or commenced 
and of all material on hand, for the purpose of completing the 
vessel. 

The Board found the hull 66 per cent. and the machinery 
77-25 per cent. completed. 

In September, 1903, the vessel was removed to the Navy 
Yard, Norfolk, Va., where she was completed by the Govern- 
ment, and commissioned February 15, 1905. 

As complete descriptions of this class of ships have appeared 
at various times in the JOURNAL, it will be only necessary to 
repeat here the principal dimensions. For more extended data, 
the reader is referred to Vol. XV, page 1110 (Trial of U.S. S. 
Cleveland), Vol. XVI, page 1 (U. S. S. Tacoma), page 67 (U. 
S. S. Denver, page 227 (U. S. S. Des Moines), and Vol. XVII, 
page 104 (U. S. S. Chattanooga). 


HULL. 

The hull is constructed of mild steel, the outer plating be- 
ing composed generally of 15-pound plating. ‘There are one 
hundred transverse frames, spaced 3 feet apart, and formed of 
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Z-bars (frames 18 to 36), 6 inches by 3} inches by 3} inches 
by 153 pounds, except forward and aft (frames 1 to 17 and 87 
to 100), which are 4 inches by 34 inches by 9.1 pounds angle 
bars. The outside plating is sheathed with Georgia pine, 4 
inches thick, extending to about 42 inches above the water- 
line amidships, shearing up forward to 69 inches, and aft to 
51 inches. 


Beam molded, feet and inches................ 43- 
Mean draught (with 467 tons coal and two-thirds stores), feet per 
Area of midship section, square 615.2 
load-water plane, square 9,370 
ARMAMENT. 
Io 5-inch R. F. guns, 8 6-pdrs. 
Mean height of axis of 5-inch guns: 
Main deck, above load-water line, feet and inches............. ...... 21-5 


Gun deck, above load-water line, feet and inches........... 
MACHINERY. 

There are two triple-expansion, four-cylinder engines, of the 
vertical, inverted type, placed abreast of each other in separate 
watertight compartments, and designed to develop a total of 
4,500 I.H.P. at about 172 revolutions. The engines are right- 
and-left, turn inboard, and have the following sequence of 
cylinders, beginning forward: Forward low pressure, high 
pressure, intermediate pressure and after low pressure. There 
are two main condensers with a cooling surface of 3,004 square 
feet each. 

Steam is supplied by six water-tube boilers of the Babcock 
& Wilcox Alert type. 


ENGINES 
Diameter H.P. cylinder, inches (originally 18 18 
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I.P. cylinder, Ys 34 
Forward cylinder, inch............... } 
Aft L.P. cylinder, inch...... 44 } 

Valves, H.P. (one piston for each cylinder), diameter, inches............. +) SB 

I.P. (two for each cylinder), diameter, inches..... ..............00000 II 
L.P. (one double-ported slide for each cylinder), inches, length, 
25+; width, 394; port, length........ 37 


Table OF SEETINGS. 


“LP. 
| | 
Side on which steam is taken......... Inside. | Outside. | Outside. 
Travel of valve, inches.................. 4 4 4 
Top. | Bottom. Top. |Bottom. Top. | Bottom. 
Width of port, «| 1437/1437 
Steams lap, | $3 | 
Angular advance, degrees............... 354 354 (35% 40 
Steam lead, angular, degrees......... 8 |f0 | 8 10 12 \16 
linear, inch...............- + | & | 4 | 
Cut-off, in inches............ 23% (238 | 20;% 
decimal of stroke........... 78 | 705 0. 78 0.705 0.735 0.672 
Exhaust release, ininches................ 373 | 3% | | 3% 24% 
decimal of stroke | 0.114/0,1205) 0.114/0.1205 0.093) 0.095 
decimal of stroke... 0.062 ome 0.139) 0.129 
Steam opening, | | 
Exhaust port. port. Full port. 


Velocity of steam, in feet per second, | 
(860 ft., 172 revs., per minute)... 128.6 121.6 166.9 157.9 189.3 |169.4 

ae of exhaust, in feet per sec., 
860 172 revs., per minute)... ‘| 93-82 93. 82 121.7 |121.7 134.12 134.12 


Velocity of exhaust to condenser... 115 6 feet al second, 124 vasiemniad 
PROPELLERS. 

Diameter, feet and inches.............. 

Pitch, feet and inches (as on trial). 11- 84 


feet and inches (as Gesigned 9 
Helicoidal area, each screw, square feet...........ceeesssescoscesssesessceseees 34 


Projected area, each screw, square feet...... ...........ccccsssseesercecsscees 29 
86.6 
BOILERS. 
ter Babcock & Wilcox, marine. 


6 
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Height to center of steam drum, feet and inches 
Diameter of steam drum, inside, inches................. 
Length of steam drum, feet and inches...............sssssssssscssessereeeees me 
Thickness of steam drum, inch............... 
Number of furnaces per boiler 
furnace doors per boiler 
Length of grates, feet and 
Width of grates, feet and inches..................se000 
Diameter of tubes, feet and inches 
Thickness of 2-inch tubes 
4-inch tubes 
Number of 2-inch tubes per boiler, 8 feet 11 inches long 
4-inch tubes per boiler, 8 feet 11 inches long 

Number of circulating tubes per boiler, 7 feet 3 inches long...........+. 

Heating surface per boiler, square feet 
Total heating surface, square 
Grate surface per boiler, square feet 
Total grate surface, square feet 
Ratio heating surface to grate 
Tube-heating surface per boiler, square feet 


Total tube-heating surface, square feet 

Plate-heating surface per boiler, drum, square feet 

Total plate-heating surface, drums, square feet 

Number side boxes, 8 feet 3 inches x 54 X 54 O.S. by #inch thick 


Number side boxes, 8 feet 3 inches & 5% & 54 0.S. by $-inch thick per 
boiler, total 

Number corner boxes, front, per boiler, 38,’,-inch & 54-inch I.S. x 8- 
inch thick 

Number corner boxes, front, total 

Number corner boxes, rear, per boiler, 39}$ inch «K 
LS. & &-inch thick 

Number corner boxes, rear, total 

Number front cross boxes per boiler, 7 feet 64 inches X 5% inches * 
5% inches I.S. $-inch thick 

Number front cross boxes, total 

Number of smoke pipes 

Diameter of smoke pipes for two forward boilers, feet and inches 

Diameter of smoke pipes for four after boilers, feet 

Total area of smoke pipes, square feet................c:.:seeeqeeeeee 

Height above grate bars, feet......... 

Ratio smoke-pipe area to grate surface 

Pressure for which designed, pounds per square inch......... 
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MACHINERY WEIGHTS IN DETAIL. 


‘ Actual weights of the various parts of the finished machinery, 
as built and installed, are as follows: 


Group. 


I. Main engine cylinders, receiver pipes, €tC............ssseeeeeeeeeees 26.55 
III. Main engine framing and bearings...............ccssssccsseseeceeeees 23.52 
IV. Main engine reciprocating 7.23 
VI. Main condensers.............. .. gh 12.91 
VIL. Main air and circulating 5-76 


XI. Smoke pipes and uptakes......... eeoicstindbsdesinseisopeceshscvstebeeoewes 24.70 
XII. Steam and exhaust pipes and valves...........s:ssceesecceesesereees 15.05 
XIII. Suction and discharge pipes and valves........ sebponexctecoaunieiinds 18.19 
XVIII. Water in boilers and 

XX. Miscellaneous machinery, heating, distilling and refrigerating 

XXII. Connections under steam engineering to other miscellaneous 


STANDARDIZATION OF SCREWS. 


Progressive runs were made over a measured mile for the 
purpose of standardizing the screws and thus determining the 
number of revolutions to be made by the engines in order to 
give the speed for four hours at sea, required by the contract, 
The course off Provincetown, Mass., was selected for this pur- 
pose, and the runs with and against the tide made at the speed 
shown on Table III, from which the curves on plates 1 and 
2 were plotted. 

Table IV gives the general performance data as recorded or 
calculated. 

The runs over the measured mile were made in a smooth 
sea, with calms to light southerly airs during the first eight 
runs and a gentle southwest breeze during the remainder. 


Toms. = 
\ = 
37.70 = 
; 
A > 
| 
= 


GALVESTON. 


Ss. 


U. 


684 


|96°L6 | | 6€*L26 | | eg-gob | EL-z1S | | | g*Egr | | | Eg’SE-E | 
| | | $*606 | | ez*SSS‘z| | | go'gz6 | | | 9°999 | | | 
| LL-ol1‘€| | 1€-LEz | g'grS | SS-ozz | | HgrggS } zgroSS jgSE*S1| | | | | | 
| | | | SEbex | LL°60€ | Sgroo€ | | | | | €°6E1 | | S*ESQ | | 
| | So’gSE | r'6er | | 6SE | | Lo | gorghr | S*bor | | S*SEQ | | 
6z'ggh | | greece | 6g'6z | 16°Sz | | | | | | | €°6g | 1°06 | | 
| S1°6g1 | zovog 99°6 gf's | gr'6z | | E1°6g | | | 65 | E*19 ggS | 
iz | 02 6I SI OL st tI StI zt i ol 6 8 9 £ 


“S061 ‘bz Avyy asano} 4920 Suny DIV 
NOLSYZA TKI L 


| 
{ 
: a 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
— 
| 
| 
| 


S 


Ss. S. 


U. 


aA AS 


2% ae 


38 


RA 


ae 


= 


| | 


A | 


| 


‘dund | | 
“uo! 


*sduind paay ureyy | | 


*duind 3ur 


‘duind *1,puoo xny | | 


*duind 


Sh SE 


ye yo 
ye Yo ND 
ye yo ing 
ye yo 


BRS 


| 
| 


|R | BA SR BS BB BB 


‘aye opising | & | 


PUV 
‘aT | | 
MO] 0} 
paemiog 


“aanssoid 


*19A19991 UT 


£6 | S€z 
zor Sgz 
Sor 
g6 | 
16 | 
Oo | 


Siz 


w 
Si mame eS 


UT 


*jsayo 


‘aynjosqe 
“aynjosqe 


| “ | 


oge | 
| 
ogz | u0g 
82 | 
| 
oge 
sés| 
Sgz| u0g 
S9z| P.QaS 
ogz| Hog 
P.WAS 
ole| 
oft 


$Se| w0g 
P.Qas 
gre, 


S19/10q UT 
yoy | 


aaoge ou 
“aaaydsoune 


*S24OIIS 40 suOTINJOAsy 


“Buruui3oq 


“saanssoid 


} 


“$061 ‘6z Avyy ‘“ssvpy suny aatssarT04g mosf 


ye | a | 


*(ayeurrxoidde) 


‘uns jo aquinyy | 


uni jo 


2 
‘ 
685 
:2% wo Bad 
23 HH 
s $ 
|__| 2% LK SS ‘ 
BFA BA BA VS SR BY 3B 
LS BS BR SS BS BR 
&R BR 8S BE BS 8B BF 
Roh SS £8 an ad 
ZA 2A AF BF BF BS 
bed 
| 
| 
| ~ ~ ~ & ~ 
| 
aa an an an an an a 
28 #9 £6 SE 3S SS 
£3 23 
| ECO OR AD HH FH OH 
ss sa as 
| |” od oF Sf AR RR 
SS os ps > Anon 93 Sf B22 
| 
anaana 
| 252525252 
45 


- 62 | 
(NMOLIININON 


suns jo yop 


SSN 


5 
N 
vi 


686 
~ Je 
|: or p ie | | | | 
K\t 
| 
| 
TAY | | 
3 QA | | 
| 
Q Ve | r 
| 
ia | aN | He» | | } 
| ~ | 4 
| | j 
| aX | } | 
“ONIN | N | 
| | | | | 
| | 


NN 
vi 


Ss. 


U. 


2 
9061 - 62 
SOV S 


‘ 


687 
> 
a 
| i | | | | 
| | | | 
oy o\F } 
| | €\s 
rg 
| 7 Be oe 
| 
| 
| 


U. S. S. GALVESTON. 


Table V.—U. S. S. GALVESTON. 


Data deduced Srom Progressive Runs over Measured-Mile Course off 
Provincetown, Mass., May 29, 1905. 


Speed in 
nots 
per hour. 


Revolutions 
per minute. 


Starboard 
engine. 


| Port engine 


| Total both 


engines. 


Slip of pro- 
peller in per 
cent. of its 
own speed. 


Constant, 
+S. 


6 
6. 
6. 
6. 
6. 
6. 
6 

6. 
6. 
6. 
7 

7. 
7- 
7- 
7- 
7° 
7 

7- 
7 

8 

8. 
8. 
8. 
8. 
8. 
8 

8. 
8. 
8. 
9 

9- 
9- 
9- 
9 

9- 
9- 
9- 
9- 
9- 


© ON 


15-55 


14.83 
14.80 
14.51 


10.25 


10,162 
10.162 
10.127 
10.1t0 
10.093 
10.075 
10.060 
10.045 
10.030 


10.028 


10.015 
10.015 
10.013 
10.013 
10.026 
10.027 
10.038 
10.038 
10.050 


10.082 
10.060 


10. 
10.063 
10.095 
10 095 
10.117 
10.127 


10.135 
10.135 


10.155 


10.165 
10.174 
10.193 
10.190 
10,210 
10.220 
10.236 
10.245 
10.260 


10.27 


10.280 
10.295 
10.310 
10.310 
10.335 
10.330 
10.337 
10,362 
10.367 


688 
| Indicated horsepower. | | 
61.5 go | go | 180 
62 gr gr 182 
63 94 94 188 
63.8 96 g6 192 
64.7 100 100 200 14.36 
65.6 102 102 204 14.22 
66.5 105 105 210 14.08 
67.4 108 108 216 13.94 
68.3 222 13.80 
69.2 115 115 230 13.68 
‘ 70.2 120 120 240 13.68 | 
123 246 13.55 
72.1 1 126 252 13-55 
731 130 130 260 13.55 
: 74-1 135 135 270 13-54 
75-2 140 140 280 13.66 
76.2 145 145 290 13.66 
77-3 150 150 300 13-76 
23 158 158 316 13-76 
163 163 326 13.87 
80.5 169 169 338 13.96 
81.5 175 175 35° 13-95 
82.6 180 360 14.06 
$3.2 185 185 370 14-15 
84 195 195 39° 14.24 
; 85.8 202 202 4°4 14.22 
87 210 210 420 14.43 
88.1 217 217 434 14 51 
: 89.2 226 226 452 14.59 
go.2 234 234 468 14.58 | | 
91.4 242 242 484 14.76 7 
: 92-5 252 252 504 14.84 
| 93 6 260 260 520 14.91 
94.8 270 - 540 15.07 
95 8 280 2 560 15.07 
| 97 290 290 580 15.22 
: 98.1 302 302 604 15.28 
; 99-3 315 315 > 15.43 
100.4 33° 33° 15.50 
101.6 337 337 674 15.65 
10 102.7 350 350 700 15-71 
q 10.1 103.8 365 360 725 15.77 
: 10.2 105 380 37s 755 15.90 
10.3 106 2 399° 385 16.12 
10.4 — 4°5 395 16.01 
10.5 108.5 420 410 830 16.22 
10.6 109.5 | 43° 420 850 16.20 
L 10.7 | 110.6 445 435 880 16.25 
10.8 111.9 462 450 gto 16.46 
10.9 113 475 460 935 =| 16.50 
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Table V.—Continued. 


power. of pro- 
peller in per | Constant, 

Total both | cent. of its R+S. 
engines. own speed. 


Revolutions 
per minute. | Starboard 


engine. Port engine. 


114.3 16.69 


115.3 16.66 
1165 16.77 
117.7 16.88 
118.4 16 65 
120 5 17 04 
121.2 17.15 
1223 80 17.18 
123.5 620 600 17 29 
124.6 17.32 


17.48 


17.58 
17 

17.96 
18.01 
18.11 
18.20 
18.28 
18.42 


18.58 


18.70 
18.72 
18.92 
19.00 
19 07 
19.20 
19 32 
19.45 
19 57 


19.64 
19.81 


68 
9 
| Indicated horse 
Speed in 
knots 
per hour. 
11 10 390 
11.1 10. 390 
11.2 10.390 
11.3 10.420 
11.4 10.386 
11.5 10.435 
10.450 
11.7 10.450 
11.8 10.465 
11.9 10 470 
12 125.9 655 630 1,285 Zz 10.490 i = 
12.1 127.1 675 650 1,325 10.505 
12.2 128.3 700 670 1,370 10.518 a 
12.3 129.5 720 690 1,410 10.530 
12.4 130.7 745 710 1,455 10.540 a 
12.5 132 77° 735 1,505 10 560 ces 
12.6 133.2 ha 760 1,550 10.570 ee 
127 134.4 780 1,600 10.580 a 
128 135 6 845 805 1,650 | 10.593 ‘2 
12.9 1369 880 825 1,705 | 10.613 oe a 
13 138.2 905 850 1755 | 10.630 
13.1 139.5 940 875 1,815 | 10.650 a 
13.2 140.6 970 920 1,870 | 19 650 
133 142 1,000 935 1935 | 10.680 ie 
13.4 1432 1,020 | 970 1,990 } 10.685 a 
135 1444 1,060 990 2,050 10.697 aa 
13.6 145-7 1,095 1,020 2,115 | 10.715 
13.7 | 14g 1,130 1,055 2,185 10 727 ee. 
138 148.3 1,165 | — 1,090 2,255 10.745 . 
139 149.6 1,205 | 1,120 2,325 10,760 a 
| 
14 | 150.8 1,240 1,150 2,390 10.770 
141 152.2 1,270 1,200 2,470 10.795 
14.2 1535 1,315 1,230 2,545 19 92 10,810 an 
14.3 154.8 1,350 1,270 2,620 20 03 10.825 ef 
14.4 | 156.2 1,390 | 1,310 2,700 20.19 10.850 aa 
14.5 157-5 1,430 1,355 2,785 20.31 10.860 ose 
146 159 1,470 1,400 2,870 20.51 10,890 oe 
14.7 160.3 1,515 1,435 2,950 20.61 10.905 meas: 
14.8 161.7 1,555 1,485 3,040 20.76 10.925 pe 
14.9 163.1 1,600 1,525 3,125 20 91 10.945 = 
15 164.5 1,645 1,570 3,215 21.06 10.967 
15.1 166 | 1,700 1,615 35315 21.25 19.993 7a 
15.2 167.4 1,745 1,665 3,410 11.38 11.013 
15.3 | 168.8 | 1,790 1,710 3,500 21.53 11.033 
15.4 170.3 | 1,840 1,760 3,600 21.71 11.063 a 
15.5 | 171.9 | 1,900 1,815 3.715 21 96 11.090 a 
15.6 173.5 1,960 1,875 3.835 22.17 11.120 cen 
15.7 175 2,020 1,930 3,950 22.33 11.150 ae 
15.8 | 176 5 2,080 1,990 4,079 22.51 11.179 
15.9 | 178.2 2,150 2,060 4,210 22.76 11.210 — 
16 | 180 2,225 2,130 45355 23.06 11.250 
161 181.5 2,295 2,200 4,495 23-22 11.270 
16,2 183.3 2,380 2,285 4,065 23.50 11.315 ee 
16.3 185 | 2,470 2,372 4,840 23.73 11.350 3 
16.4 186.9 2,570 2,470 | 5,040 24 04 11.397 ae 
16.5 188.4 2,645 2,555 5,200 24.19 11 420 ec 
16.6 | 199.6 2,770 2,680 } 5.450 24 59 11.482 oy. 
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The draught at beginning was as follows: 


Forward, feet and inches, 15-10} 
Mean, feet and inches, . ‘ . 
Corresponding displacement, tons, . 35295 


The time on the course was taken independently by four 
observers, and the revolutions checked by not less than three 
counters, of different types. 


FOUR-HOURS’ OFFICIAL TRIAL. 


At 7°30 A. M. on May 30th the Galveston got under way 
from Provincetown and put to sea for the four-hours’ full- 
speed trial required by the contract for the vessel. 

The trial commenced at 10°30 A. M., the ship at the time 
being on a course N.N.W. 4 W. in a smooth sea; the weather 
conditions were good, cals and light airs prevailing through- 
out the trial. 

At 12°30 P. M. a wide turn was made to the northward with 
two degrees of helm, and the vessel headed in toward Province- 
town. 

The draught and displacement at the beginning and end of 


trial were as follows: 
Beginning. End. 


Draught, forward, feet and inches, . . I5- 9 15- 6 
aft, feet and inches, .. . 16- 3} 
mean, feet and inches,. . . 16- of 15-10} 

Displacement, toms, ..... =: =. 3,280 3,230 


The main and auxiliary machinery worked in a satisfactory 
manner; there was no undue vibration and no heating of 
bearings. The boilers steamed freely during the standardiza- 
tion run and the first three hours of the official trial. 

The ship being in commission, the trial was run with the 
regular crew, a number of whom had only recently joined. 
The official trial was the first full-power run made. 

The firing of the furnaces was controlled by an electric indi- 
cator; as the furnace numbers were shown, coal was thrown 
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on the front of the grate and immediately afterwards the coals 
in an equal number of furnaces were leveled with a devil’s 
claw or hoe. Slice bars were used occasionally through the 
slicing doors. 

Steam pressure at the engine was limited to 250 pounds, 
but the safety valves on boilers were permitted to be set at 289 
pounds. The air pressure in fire rooms was limited to two 
inches of water. 

The mean average revolutions for the four hours corre- 
sponded toa speed of 16.406 knots per hour, while for the first 
three hours this amounted to 16.54 knots. 

The following is a summary of the data recorded. 


PERFORMANCE.—FOUR-HOURS’ OFFICIAL TRIAL. 
Steam Pressures. (Average of one-half hourly observations.) 


H.P. steam chest (gauge), pounds.... 

Ist receiver (absolute), pounds 

2d receiver (absolute), pounds....... on 
Vacuum in condensers, inches of mercury 


Temperatures. (Average of one-half hourly observations.) 


Starboard. 


Hotwell, degrees 
Feed-water, degrees 
Engine room, upper platform, degrees 
working platform, degrees 
Firerooms, working level, degrees 


Revolutions, or double strokes, per minute. (Average of one-half hourly 


observations. ) 
Starboard. Port. 


Main engines (maximum for 15 minutes) 192.9 
(minimum for 15 minutes) 176.1 
(mean for trial) 187.96 


auxiliary, feed 
Blower engines, starboard, forward 


‘ 
Steam pressure at boilers (per gauge), pounds......... 263 = 
240 238 
96.6 102 
31.7 31.5 
27-5 27 
45-4 
85.7 83 
89.6 72 
186 183 
85 gt 
85 80 
83.1 
q 
: | 
feed (forward and after).............. 34-4 31 
491 
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Blower engines, port, forward............ 
Speed of ship, in knots per hour................0.cssesescrcseeee 16.406 
Slip of propeller, in per cent. of its own speed, based 
on mean pitch and average 23.53 24.45 
Air pressure in firerooms, inches of water........... .....++- 2 


Mean effective pressures in cylinders, in pounds per squareinch. (Averages 
of cards taken at half-hourly periods). 


Starboard. Port. 
I.P. cylinder........ pit 48.09 49.875 
Mean equivalent pressure, in pounds per square inch, 
referred to combined area of LP. pistons................. 44.755 44.853 
INDICATED HORSEPOWER. 
AUXILIARIES. 
Circulating pumps, main...... II.1 II.2 
Feed pumps (main and auxiliary)...... ichinwrendatewisseietees 67.42 
Bilge pumps........ 4.13 3-13 
Auxiliary condenser 1.17 
Blower engines (forced draft)....... 62.25 
Dynamo engine (one in operation) .............0sseeseeeeeees 


all machinery in operation............. 5,178.47 
COAL. 
Kind and quality...... Pocahontas, run of mine. 
DEDUCED DATA. 
I.H.P. (total) per square foot of grate surface....... eececess 17.26 
heating surface........... +3923 
Pounds of coal per I.H.P. per hour (main engines, cir- 
culating, feed and hotwell 1.974 
all machinery in operation, 1.935 
Pounds of coal per square foot of grate surface............ 33-41 
heating surface......... -758 
Cooling surface (main condenser), square feet per (total) 


Heating surface (boilers), square feet per (total) I.H.P. 


= 
: Starboard. Port. 
2.549 


PHOTOGRAPHS OF SMOKE TAKEN 


DuRING TRIAL, U.S. S. ‘*GALVESTON,”’ 
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A METHOD OF CALCULATING THE COAL EN- 
DURANCE AND STEAMING RADIUS OF WAR 
VESSELS UNDER VARIOUS CONDITIONS. 


By LIEUT. COMMANDER B. C. BRYAN, U. S. NAvy, MEMBER. 


The difficulty of procuring a supply of coal in time of war, 
and the necessity of steaming long distances without coaling, 
makes it important that a commanding officer should know 
the probable coal consumption and steaming radius of the 
vessel under his command. 

The writer, a few years ago, spent considerable time collect- 
ing and tabulating the data at hand concerning U. S. naval 
vessels, with the object of forming a guide to enable the senior 
engineers and commanding officers of such vessels to tell what 
results might be expected under various conditions.—(See 
JOURNAL OF AMERICAN SOCIETY OF NAVAL ENGINEERS, 
Vol. XIII, p. 50.) 

Other articles upon this subject have appeared in this jour- 
nal, both before and after the above compilation was pub- 
lished.—(See “‘ Economic Marine Propulsion,” John Lowe, 
Vol. III, p. 218; ‘Coal Endurance and Machinery of New 
Cruisers,” I. N. Hollis, Vol. 1V, p. 637; ‘‘ Economic Speed and 
Power of War Vessels,” &c., Vol. V., p. 66; “Speed and Coal- 
Consumption Curves,” D. S. Mahony, Vol. XV, p. 366.) 

The subject has been very ably treated in the above articles, 
and it is only with the idea of presenting in a practical way a 
method of tabulating and using the data collected that this 
article is written. 

The Bureau of Steam Engineering has recognized the im- 
portance of collecting the necessary data from long runs of all 
vessels, and to this end has added a “Coal Endurance Form” 
in the back of the steam log, to be filled in for all continuous 
runs of seventy-two hours’ duration or more. Although the 
results of a nuinber of such runs are now on file, many of them 
are so incomplete or contain such glaring inaccuracies that it 
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is often impossible to account for the erratic performances 
tabulated. In order to collect such data so that it may be of 
value, care and co-operation from those concerned is required ; 
the coal and revolutions must be accurately recorded in the 
steaming log, together with all data concerning steam-using 
appliances, the speed through the water, weather conditions, 
trim and all conditions influencing the results should be accu- 
rately recorded in the deck log; thus co-operation between the 
navigating, engineer and deck officers is essentially necessary. 

The problem presented to a commanding officer or senior 
engineer of a vessel is as follows: “The ship having come 
into port with the bottom more or less fouled, requiring a cer- 
tain number of revolutions, exceeding the number required 
with a clean bottom, to make a certain speed, what would be 
the probable coal consumption at any other speed under the 
same conditions and what the most economical speed?” To 
answer this, in a practical way, is, as above stated, the object 
of this article. 

From extensive investigation of the data on file for U. S. 
naval war vessels, it is believed that the coal consumption 
follows very closely the formula deduced by Chief Engineer 
John Lowe, U. S. Navy (now Rear Admiral, Retired), and 
given by him in his article in the JOURNAL of the Society, Vol. 
III, pp. 218-221, as follows: Y=K-+ CR’, when 
Y = total coal used for all purposes in tons per day; 

R = average revolutions per minute of the main engines ; 

K =a constant, representing the coal in tons per day neces- 
sary for auxiliary purposes plus that necessary for keeping 
the main engine warmed when making zero revolutions ; 

C =a quantity, constant for given conditions. 

Determination of the constant X should be made by a long 
trial or trials at the dock, the longer the better, with the aux- 
iliaries in use as near as possible the average under usual 
conditions and the engines running as slowly as it is possible 
torun them. This will give the value of A under the usual 
conditions, and it may be corrected for other conditions by 
observations of the additional amount of coal necessary to 
produce those conditions by trials made while lying in port. 
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The valve of C should be determined by the results of one 
or more long runs, under average conditions if possible. The 
results of all long runs of the vessel while in commission 
should be carefully tabulated on forms similar to Table I 
(or the coal consumption form to be found in back of steam 
log), and from these results C may be corrected from time to 
time, and other curves drawn to suit particular or peculiar 
conditions. 

If no trial has been made to determine the value of X, an 
approximation may be obtained by selecting a number of 
actual runs and taking the value of F& at several different 
points and the corresponding value of Y (the total coal per 
day), then assuming different values of C and subtracting the 
values of CR® from the corresponding values of Y until all 
values of the differences become the same or vary the least, 
the average difference then isan approximation for XK. In doing 
this care should be taken that the data has been under normal 
conditions and accurately taken, and it is best to take an aver- 
age of several runs for each value of Yand R. In case the 
value of X is found to be less than the average amount of coal 
used in port or less than the value of 4, as found by the 
method given by Prof. I. N. Hollis in his article on “‘ Econom- 
ical Speed and Coal Endurance of War Vessels,” &c., pub- 
lished in the JOURNAL, Vol. V, pp. 79 and 80, it may be taken 
for granted that the data is inaccurate. 

For finding the relation of speed to revolutions a progressive 
trial should be made over a measured course and the usual 
data accurately recorded. The vessel should be clean when 
this trial is made, and the results will be the best that may be 
expected. 

The value of the slip for each speed is now determined from 
these results. 

To obtain the corresponding revolutions for any speed under 
different conditions of foulness, it is assumed that the slip 
will vary in the same proportion for each speed, that is, that 
if it is found that with a certain speed S when entering a port 
a certain number of revolutions #' is required giving a slip 
of #', the number of revolutions for the same speed with a 
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clean bottom being # and the slip being 9, then . is a con- 


stant for all speeds, under the same conditions. 


PXR—S x 


We then have PXR 6o 100 = 9, or 


PX R (100 — 9) = S X 10,133.3, 

Similarly, PX R' (100 — 9") = S X 10,133.3, or 

PX R (100 — 9) = PX R' (100 — 9) 
100 — @ 
{ 100 — @! \. 

From this the number of revolutions for any speed may be 
calculated for the existing conditions, the number of revolu- 
tions for one speed being known for the same conditions, and 
the equation of coal consumption Y= XK + CR* will immedi- 
ately allow the calculation of the probable coal consumption 
at the new speed. 

The method recommended to be pursued is as follows: 

Records of all long trips should be kept on blanks similar 
to Table I. The coal should be accurately recorded, and 
speed should be that which is made by the ship through the 
water ; any error in the log should be allowed for and current 
should be eliminated. Notes should be made on each run of 
any occurrence or the use of any extraordinary amount of ma- 
chinery, extra water distilled, or any use of steam that would 
affect the result. Aftef a number of runs have been recorded, 
if in the meantime the trials for finding AK have not been 
made, the curve is to be fitted to the average of the results as 
described. In doing this it is well to take the average of sev- 
eral runs at about the same speed for each point, and to take 
at least four points, one being as low as possible and another 
as high as it is likely long runs will be made. 

Judgment must be used in selecting the runs. Short runs, 
and particularly those made for obtaining speed records for a 
few hours with limited auxiliaries in use, should be avoided, 
also runs in squadron, when reserve power is necessarily re- 
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quired with corresponding extra coal consumption. From 
these results the curve of coal consumption may be laid down 
on revolutions, the easiest way to do this being probably to 
assume revolutions varying by 10 and find the value of Y from 
the equation Y=K-+ CR*. 

If a progressive trial has not been made, values of the speeds 
and revolutions for runs with a clean bottom should be se- 
lected; the length of the run is not of first importance if the 
speed and revolutions have been accurately recorded under 
normal conditions; the contractor’s trial will usually give one 
point, and several others should be taken from which a curve 
of slip with a clean bottom may be laid down and the slip 
determined under these conditions for every speed, from which 
the corresponding revolutions may be calculated by the usual 
formula. 

Curves of speed on revolutions may now be laid down for 
any,increased value of the slip, assuming that the slip is in- 
creased in the same ratio for all speeds. Knowing the bunker 
capacity, curves of steaming radii for each value of the slip 
ratio may be added. As tables are considered more desirable 
by some people, such tables. may be made out for each assumed 
value of the slip ratio. 

To illustrate the method to be employed, the results as 
tabulated for the battleship Kearsarge and cruiser Cleveland 
have been laid down and tables made out for several values of 
the slip ratio, and are appended. To illustrate the use of the 
same, it is supposed that the Xearsarge came into port making 
10 knots with 71 revolutions, and it is desired to know what 
the probable coal consumption would be under the same con- 
ditions going out at 12 knots. Following the 10-knot hori- 
zontal line on curve diagram we find it strikes 71 revolutions 
on the curve of 100 per cent. increased slip ratio; following 
this curve to 12 knots we find it will take 87.5 revolutions. 
Following down the ordinate to the coal consumption, we find 
it takes 125 tons per day, giving a steaming radius of 3,623 
knots, or the same results may be found by consulting 
Table III, C. 


Table 1.—U. s. s. KEARSARGE. 
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Table Il.—U. S. S. KEARSARGE. 


Comparison of ac- 
Data record of actual runs. “wal _ calcu- 
ated data. 
: ‘ 
S Revolutions. Coal per day. | Difference 
Coal per | ‘from ac- 
Number | | day | 
| Of hours., For | Average | For Average from | 
| run. * Jequation, umn 3). 
14 | 220 | 87.5 | 124.9 125.1 +0.2 
17| 71 81 84.3 108.9 116.9 { | —rz.8 
12; 165 78.5 | ] | 98 100.9 +2.9 
95 75-9 96.5 91.9 4 94.8 | 
95 72 86.2 J 86.5 | 
76.9 if 80.7 | +3.8 
22 194 68.9 | | 73.8 | 80.5 +6.8 
21 m8 | 64.8 74.5 73-4 —II 
9 72 | «64.7 65.5 4 693 79.7 73-2 +3-9 
8 96 64.6 | 67.4 | | 73 +5.6 
5 95 63.8 67.3 71.7 +4.7 
51.9 53- 
20 94 47.8 } - { 57 f 55-4 { 52.2 —4.8 
39.2 36.5 36.8 39 
36.5 
39.2 
37.875 


Y=38+.00013 
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Table V.—U. S. S. CLEVELAND. 


Data recorded on actual runs. 


Comparison of 
actual and ealcu- 
lated data. 


No. of run. 


5 
I 
2 
I 
3 
9 
8 
7 
2 
4 


Revolutions. 


Coal per day. 


Average | 
for Average. 


For 


Average. 


| Difference 
from 

actuai 

result. 


Coal 


per day 
from 
equation. 


38.32 
36.63 
39.2 
33.99 
32.32 
28.27 
26.4 
25.2 
25.2 
25.82 | 


\ 32-7 


25-84 + 


24.14 


1,911,240 


2,315,685 


38.05 
23.16 


14.89 


Average for K=14.26 Call K=14.5 
Coal consumption Y = 14.5 + .cooo1 RP? 


795 
| 
No. of 
| run. 
| | | 39 +0.68 
131.1 132.3 37. |: +.0.36 
| 195 131.1 | 37 | — 2.2 
117 ‘107.08 |) 27.7 | —0.43 
149 106 | 26.4 | +0. ae 
Ill 105 104 j 26.1 | +08 
ogy 105 ‘94 26.1 | +08 
| 59 103.75 | | 24:7. 
107 102.77 J 25.3 | +1.16 
: 
—— 
=~,0000I 
\ 11.54.. 19.11 
14.30 13.59 || 
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A COMPARISON OF THE PERFORMANCES OF 
PROPELLERS U. S. S. WYOMING.* 


By LIEUTENANT J. P. MorTon, U. S. NAvy. 


The steam engineering specifications for the U. S. S. Wyo- 
ming called for the manufacture of a spare set of propeller 
blades to be built after the vessel’s trial and to conform to 
specifications that would be furnished by the Bureau. 

These blades were designed with increased projected and 
expanded areas, increased diameter of propeller and decreased 
pitch, but after being in service the pitch was increased. 

A comparison of the performances of the vessel with the 
original propellers and with the ones now in place, under the 
two conditions of pitch, may be of some interest as illustrat- 
ing the great range of efficiency for a small change of pitch. 
The material point is not the improvement brought about by 
the change of blades, as that was generally anticipated, but in 
the startling effects produced by the change of pitch in the 
new blades. The new propellers were first installed with a 
pitch of 7 feet 6 inches. After about a year the pitch was 
changed to 8 feet 6} inches. The following results will prove 
that this change was justifiable. 

The original propellers were rightsand-lefts, three bladed, 
built-up, true screws, bent back five inches, and of manganese- 
bronze. The top tips of the blades turned inboard in the 
ahead motion. The pitch was adjustable from 7 feet 8.6 
inches to 9 feet 4.4 inches. 

The propellers now in use differed from the original in the 
particulars noted in the following table. Their pitch is ad- 
justable from 7 feet 4 inches to 8 feet 63 inches. The general 
appearance of the blades is shown in the sketches. 

For the sake of brevity, the conditions enumerated in the 
following table will hereinafter be referred to as (1), (2) and 


* For a description of the Wyoming see Vol. XV, page 83. 
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(3)—(1), original propellers ; (2), new propellers as at first set ; 
(3), new propellers as now set : 


Condition. 


Diameter of propeller, feet and inches........... 
Pitch, feet and inches 

Expanded area, square pee 

Projected area, square feet... 

Disc area, square feet 

P 


D 

Number of blades 

Diameter of hub, inches, 

Length of hub, inches.. 
width of blade, ‘inches.. 


The three trials, whose results will be touched upon, were 
made at intervals of about twelve months, and under similar 
conditions of hull and sea and wind, all trials being made just 
after the ship’s bottom had been cleaned and in smooth water. 

A comparison of the power curves shows no improvement 
as a consequence of installing the new propellers at the pitch 
of 7 feet 6 inches; on the contrary, a distinct loss is evident, 
greater power being required for all speeds except the lowest 
obtained. The points of similarity observed were: (a) exces- 
sive churning of the water in the wake, (b) high coal consump- 
tion, (c) relatively high speed of engines for moderate speed 
of ship; (d) inability to steer with one engine only in use. 
The great number of revolutions required for ordinary cruising 
speeds, and the consequent wear and tear in the engines,.was 
especially objectionable and was the direct cause of the request 
to have the pitch increased. At a speed of 8.8 knots condi- 
tions below resembled a forced-draft trial; being in squadron 
most of the time this speed was required, and, as a result, the 
brasses were soon all in need of rebabiting, and additional 
bracings were required for the engine rockshafts, the old ones 
vibrating to an alarming extent. After a few days at this speed, 
when the tubes became a little dirty or the draft poor, the 
blowers were run to maintain the set speed. This was all 
done away with under conditions (3), and the marked improve- 
ment may be gauged from the statement that recently the 
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7-6 | 8-64 
50.28 | 63.62 | 63.62 
1.0614| .833/ .949 


it 


O 
| 
10 Original | New | New 
Propeller ‘(1) |Propeller (2) |Propeller 
Diam. 0 0" OF. 
Pitch Bf. 6° 6° 62 
Exp.area| 25.8sqft | 37.2Sq4:| 372Sq4 
Proj. «= | 21.18 - | 304 . 
Disc » | 5026 - | 6362 - | 6362 - 


: 
ia 
60 


Propeller (3) 


oft. 0° 


62 


37 250-4 


63.62 - 


Indicated horse |powe 


5. Wyoming. 


Propeller Trials. 


Spelled | in |Knotls. 
3 


H 
HH 
| 
| 
XL 


PERFORMANCES OF PROPELLERS U. S. S. WYOMING. 709 


trip from Acapulco to Panama, a distance of about 1,540 
miles, was made at 8.8 knots with three, instead of four, 
boilers, and without the need of blowers. The same trip with 
the old pitch was made at 8.7 with four boilers, blowers going 
most of the time, and with the expenditure of 31 tons of coal 
daily, as compared with a consumption of 24 tons on the last 
trip. The coal used was from the same mine, and other con- 
ditions were practically identical. 

One of the most remarkable effects of the change in pitch 
is that, for the first time in the ship’s history, she can be steered 
perfectly with one engine turning over. Under conditions (1) 
and (2) the shipcould not be kept on a steady course with one 
propeller, but at once began turning against the helm; under 
condition (3) she can be kept steady in any kind of a sea, with 
from 15 to 25 degrees of helm. When, during a gale on July 
18, 1905, the starboard shaft broke, the ship ran on her course 
for twenty-seven hours and came safely into port. 

The increase in economy may be inferred from the speed, 
slip and power curves, and also saving to bearings and engine 
framing and bracing, due to slower speed of engine, the neces- 
sary repairs after a long trip being very considerably reduced. 

A summary of the advantages possessed by the new propel- 
lers at the new pitch follows : 

(a) Reduction in coal consumption; e. g., at the cruising 
speed of 8.8 knots, as mentioned above. 

(b) The saving due to the use of three boilers instead of 
four at low speeds. 

(c) Reduction of revolutions and corresponding lessening of 
wear due to vibration and the racking strains in the engines. 

(d) Increase of maneuvering qualities by reason of improved 
steering, and the further practicability of steering with only 
one engine in use. 

By adopting the reasoning employed by Assistant Engineer 
R. E. Carney, U. S. N. (Retired), as given in his article 
printed in the JouURNAL, volume XV, page 823, we have the 
following table for the three conditions, using the notation 
employed by him: 
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Condition. (1) (2) (3) 
CA, 13.189 | 12.826 14.003 


Advance of screw (ship), ; 


| 
6.0141 | 5.632 6.401 


Reverse current,. ... . 71749) 7-194 7.602 


The above table is calculated for the highest speeds ob- 
tained under the various conditions, and in this, as in all fol- 
lowing comparisons, it must be borne in mind that with the 
new propeller, condition (3),a higher speed was obtained than 
under the other two conditions. By resolving CA into its 
components and comparing them with CN we get the follow- 
ing table, giving the percentages of power employed in driv- 
ing the ship ahead, driving the water astern, and in wastage 
athwartships : 


Condition. (2) | (3) 
To advance of screw, . . . | 
Reverse current, 42 48 45 
Wastage athwartships, . . 23 14 18 


The increase of efficiency is especially noticeable in com- 
paring (3) with (1), but the relatively low speed obtainable 
under (2) probably accounts for the rather unfavorable light 
in which (3) is viewed when compared with (2). This would 
seem to be dissipated by a study of the following table, which 
is worked out for various speeds, especially the common speed 
of 8 knots. 


: Advance of Reversed 


gI.5 211.55 | 5:97 | 6.612 6.557 
124 495 | 8 | 6.344 6.825 
134-2 58999 | 857 | 64715 | 67175 
170.5 1,295-5 | 10.4 | 6.1813 | 7.0077 
| 11.08 | 5.9403 7.2487 
214.7 | | 6.0141 7.1741 


PERFORMANCES OF PROPELLERS U. S. S. WYOMING. 713 


HP Advance of Reversed 
screw. current. 


Revolutions. 
104.9 | . 5-344 6.982 
129.5 | | 5-947 6.879 
134 6.04 6.785 
153 | | ' 5-826 7 
176.3 | | 5-927 6.899 
208.7 ‘ 5-632 7.194 


75 8.26 5-743 
100 . 7.022 6.981 
117.5 8 6.899 7.104 
125 6.977 7.026 
149.7 . 6.688 7-215 
174.5 6.62 7-383 
198.5 6.401 | 7.602 


Notre.—The above results were obtained in trials over the measured mile. 
During trials (1) and (2) efforts were made to steady ship on a course with 
one engine stopped, but it was found to be impracticable. During (3) trial 
the following results were obtained : 


H.P. 
Running starboard engine only . 72 1,107.16 
Running port engine 8.18 1,518.06 


The following data was obtained under condition (3) on 
August 28 and 29, 1904, during a sea run, under most favor- 
able conditions. ‘The coal was carefully weighed. The patent 
log was checked by later runs over the measured mile. The 
steaming radius was calculated from the coal consumption of 
the short runs which were of about four hours duration at each 
speed. The ship’s bottom had recently been cleaned; the sea 
was smooth, and wind very light and from ahead. 


Coal per Steaming Slip 


Revs. Knots. day. radius. 


Tons. Knots. 
100 7.07 18.75 3,298 16.1 
7-65 20.35 3,107 17-4 
8.45 22.35 3,380 16.4 
9-3 24.6 35303 14.8 
9.9 27.2 3,183 15.8 
10.7 29.7 3,158 15-4 
II.I 32.5 3,198 17.6 
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418.21 

470.8 

654.65 

831 4 

959-99 

1,138.9 
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TESTS OF THE CAVITE STEEL FLOATING 
DRY DOCK. 


By CIviIL ENGINEER A. C. CUNNINGHAM, U. S. Navy, 
MEMBER. 


In the early part of June, 1905, the Maryland Steel Co. 
reported the Cavite self-docking steel floating dry dock ready 
for test, having completed the same in one month’s less time 
than the twenty-seven allowed by the contract. 

As in the case of the Government floating dock at New 
Orleans, built by the same company, the Cavite dock was 
constructed in a shallow basin, and on completion the basin 
was flooded and the cofferdam at the entrance removed. While 
flooding the basin the valves of the dock were left open and 
the dock allowed to fill, so that it continued to rest on the 
pile and timber foundation on which it was built until the 
time selected for floating and towing it to the mouth of the 
Patuxent River, the place selected for test. 

When the dock rose from its timber bed it was christened 
the Dewey, after the Admiral of the Navy, by Miss Grace 
Endicott, the daughter of Rear Admiral M. T. Endicott, 
Chief of the Bureau of Yards and Docks, Navy Department, 
under whose administration the dock had been built, and who 
represented the Navy Department when the dock was floated. 

In the preliminary test of the New Orleans floating dock a 
collier of 6,000 tons displacement was used. ‘The increased 
confidence in this class of dock for warships, and in the Dewey 
dock in particular, is shown by the fact that one of the latest 
and heaviest ships, the armored cruiser Colorado, was selected 
for the preliminary test. 

Before docking the Co/orado, the dock was sunk to twenty- 
nine feet draught over the keel blocks and then pumped up 
light to a freeboard of two and one-half feet. The sinking was 
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accomplished in one hour and thirty-six minutes and the 
pumping up in one hour and two minutes, showing that the 
dock is of very rapid action. On this test it was also demon- 
strated that little or no trimming was required, the dock 
sinking and rising practically level with all valves open. 

The U. S. S. Colorado was docked on June 23, 1905, hav- 
ing a displacement of 13,300 tons at that time. The main 
and docking keel blocks were all set at the same height. In 
this preliminary test no effort was made to secure speed, and 
one-half hour was used in making flushing and fire connec- 
tions. The elapsed time from when the ship landed on the 
blocks until the keel came out of water was two hours and 
sixteen minutes. Pumping was continued until the dock had 
a uniform freeboard of two and one-half feet, only enough 
excess of water being retained in the side walls and end com- 
partments to give the necessary trim. The Colorado was 
carried on the dock about twenty-four hours without changing 
the water ballast. When the dock had reached a freeboard of 
two and one-half feet with the Colorado, the deflection on the 
main keel line in the five hundred feet of length of the dock 
was about one-quarter of an inch; after about twenty-four 
hours the deflection in five hundred feet increased to about one 
and one-sixteenth inches. After undocking the Colorado the 
dock was found to have practically straightened without re- 
taining any set. 

After the undocking of the Co/orado, deflection observations 
were continued for three days, and variations in deflections 
with the dock unloaded, due to temperature cage, of seven- 
eighths of an inch were noted. 

The battleship /owa was docked on June 27, 1905, for a 
record test, having a displacement of 11,600 tons at the time, 
and was carried on the dock for forty-eight hours. The speci- 
fications required that a 16,000-ton ship should be raised in 
four hours from the time the ship took the blocks until the 
keel was out of water. For the equivalent of a 16,000-ton ship 
the dock was pumped to a freeboard of four and one-half 
feet. From the time the /owa took the blocks until the keel 
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was out of water was one hour and thirty-seven minutes; to 
the time the dock had a freeboard of four and one-half feet, 
two hours and forty-two minutes. During the docking of the 
Jowa one of the three pumping engines was out of commission 
for forty-two minutes with a slipped eccentric, so that the 
actual time of operation of the dock is about half that allowed 
by the specification. 

The Jowa was docked by uniform pumping, as in the case 
of the Colorado, and carried for forty-eight hours without 
change of water ballast in the dock. The specification re- 
quired that when a ship had been docked by uniform pump- 
ing until the dock had a freeboard of two feet the deflection 
in the entire 500 feet of length of the dock should not exceed 
three inches. When the dock reached a freeboard of four and 
a-half feet with the /owa, the deflection was about two inches. 
During the first twenty-four hours, the dock remaining uni- 
formly pumped, the deflection increased to four inches in the 
500 feet, and during the second twenty-four hours showed a 
recovery to three and three-eighths inches. 

Immediately following the undocking of the /owa the dock 
was pumped up to the same depth of water in the compartments 
as when the ship was docked, which gave a freeboard of nine 
feet and six inches, and it was found that the dock had a hog 
of one inch. During the night this hog disappeared, and early 
the next morning was a half inch sag. The greatest deflection 
in the bearing length of the /owa while carried on the dock 
was about one and three-quarter inches. The deflection obser- 
vations indicate that there was no permanent set caused by the 
docking, and that temperature variations may cause consider- 
able hog or sag. 

After the undocking of the Colorado the main and docking 
keel blocks were found to be uniformly indented about one- 
sixteenth of an inch with no crushing. No change was made 
in the blocks for the /owa, and after undocking she was found 
to have rested even more easily than the Colorado. 

With two feet of freeboard and one foot of water remaining 
in the pontoons the carrying capacity of the dock is 18,500 
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tons, and a 20,000-ton ship could readily be docked with suf- 
ficient freeboard to admit of easily working on its bottom. 
The results of the docking tests with the Dewey dock show 
that it is considerably in excess of the contract requirements 
in strength, time of operation and capacity, and is in all re- 
spects a very noticeable advance on all floating dry docks 
which have been so far projected or built. The greatest in- 
novation is the requirement of uniform pumping. ‘This not 
only insures safety from careless or unskilled handling, but 
makes it possible to dock nearly all ships with keel straight, 
or with as much hog or sag as circumstances may render de- 
sirable, by suitably distributing the water ballast in the dock. 
The ship may be also hogged or sagged while on the dock, 
should occasion arise for so doing. With thirty feet of water 
over four-foot keel blocks the side walls of the dock have a 
freeboard of eleven feet. By taking the keel blocks down to 
two feet and sinking until the side walls have a freeboard of 
three feet, forty feet of water may be had over the blocks, so 


that a ship may be taken into the dock in any condition of 
disablement. 


Although a heavier ship, the deflections with the Colorado 
were less than with the /owa, on account of the much longer 
bearing length of the Colorado’s keel. With the uniform 
pumping the strains caused by the Jowa were much greater 
than will be caused by any other ship in the service, projected 
or built; so that the dock has had the most severe test that can 
be imposed on it. 

The dock was constructed under the supervision of Civil 
Engineer Leonard M. Cox, U. S. N., and tested by a Board of 
naval officers, consisting of Captain Adolph Marix, senior 
member; Naval Constructor J. H. Linnard, Commander J. F. 
Parker, Commander W. F. Worthington, Naval Constructor 
J. H. Rock, Civil Engineer A. C. Cunningham and Assistant 
Civil Engineer J. S. Shultz. The Board was assisted in the 
tests by Civil Engineer Cox. 
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THE SELF-DOCKING TESTS OF THE STEEL 
FLOATING DRY DOCK FOR CAVITE, P. I. 


By Crvi ENGINEER LEONARD M. Cox, U. S. Navy. 


In the specifications forming a part of the contract between 
the Government and the Maryland Steel Company for the con- 
struction of the steel floating dry dock for Cavite, P. I., it is 
provided that the structure, after completion, shall be given 
a thorough working test before final acceptance. This test, 
as provided for in the contract and its specifications, comprises 
three distinct operations: The lifting, within a given time, to 
a specified freeboard and with limited deflections, of the 
heaviest type of cruiser; the lifting, under similarly specified 
conditions, of the heaviest battleship; and, finally, the lifting 
of its own hull clear of water. 

On June 10, 1905, the dock was launched from the building 
basin at the manufacturers’ works and was immediately towed 
to the mouth of the Patuxent River, the site selected for the 
official tests. After preliminary trials of the machinery, the 
dock was declared ready for testing on June 17, 1905, just one 
month before the expiration of the contract time of twenty- 
seven months from the date of award. On June 23d, the 
cruiser Colorado was docked, followed by the battleship Jowa 
on June 27th, and preparations were at once begun for the 
self-docking trials. 

An article appearing in this issue of the JoURNAL (page 714) 
fully describes the successful docking of the Colorado and the 
Iowa. ‘This article, coming as it does from the officer who 
wrote the specifications under which the dock was constructed 
and who was closely connected with its preliminary design, is 
of peculiar interest, but, as it covers only the ship-docking 
tests, it may not be out of place to add a brief account of the 
subsequent self-docking operations. 
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In regard to the desired self-docking qualities of the dock, 
the specifications provide that it “shall be so designed and 
arranged as to be readily self-docked without the aid of divers 
or auxiliary constructions;” that the working stress of any 
portion of the dock or its connections shall be limited to 
‘15,000 pounds per square inch in self-docking, with a wind 
pressure of 30 pounds per square foot of exposed surface ;” 
that “when self-docked all under-water portions shall be 
raised to a height of not less than 5 feet and shall be safely 
and readily accessible for inspection, painting and repairs ;” 
and, that with the dock at light-draught line, “all self-dock- 
ing and strain-transmitting connections shall be above water.” 
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Although plans and complete descriptions of the structure 
have already appeared in the JouRNAL (Vol. XV, page 472) 
and other technical publications, it may help to a clearer 
understanding of the operations to give, briefly, a general out- 
line of the design in so far as it affects the self-docking fea- 
tures before attempting to describe the working tests. The 
dock is built in three sections. The center section, or pontoon, 
is 316 feet in length, with side walls overhanging 80 feet on 
either end. ‘Two end pontoons, each go feet in length, with 
low independent side walls, are attached to the center pontoon 
in such a way that the overhanging side walls of the latter are 
enclosed between the independent walls of the end pontoons 
and rest directly on their decks when the sections are con- 
nected for docking ships. There are vertical and horizontal 
connections between the pontoons, the vertical connections 
consisting of seven elements, each made up of forty-four 2-inch 
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bolts ; the horizontal, of four elements, one along each edge of 
the overhanging side walls, each made up of ninety-six 13-inch 
bolts. The lower ends of the vertical connections are out of 
water at light draught. 

The self-docking is accomplished in two stages. After 
removing the connection bolts, the end pontoons are hauled 
clear of the overhanging walls of the center pontoon, turned 
so that the direction of their lengths is perpendicular to the 
axis of the dock, and brought over the deck of the center 
pontoon and centered on blocking, as in the docking of ships. 
The center pontoon is then pumped to the desired freeboard 
by the main pumping engines. The second stage of the 
operations has for its object the lifting of the center pontoon. 
The end pontoons are submerged to a depth giving twelve 
inches clearance between the blocks and the bottom of the 
center pontoon at light draught, and are then drawn under 
either end and centered, after which they are pumped to the 
desired freeboard by means of a separate pumping plant in- 
stalled in the independent side walls, to which steam is furnished 
by a flexible hose led from the forward and after boilers. 

On Saturday, July 15th, 1905, the work of arranging the 
blocks of the center pontoon for receiving the two ends was 
finished, and all vertical connection bolts, together with half 
of the horizontal bolts, were removed. On Monday, cables 1 
and 2 (see accompanying sketch) were slipped from the end 
pontoon bitts, starboard side, forward, and made fast by hawsers 
to bitts on the top of the overhanging side walls. On Tuesday, 
cables 3 and 4, forward, were similarly slipped and belayed 
on the port side-wall bitts. All horizontal connections were 
removed and steel drift pins placed in the bolt holes at intervals 
of about twenty-five feet, with men standing by for each pin. 
At 12°15 P. M. the flood valves of the forward pontoon were: 
opened, and ten minutes later the horizontal connection 
diaphragms came gently apart. With the aid of a small tug 
boat, the end pontoon was hauled clear of the overhanging 
side walls at 12°53 P. M., and made fast against the starboard 
side of the center pontoon at 1°35 P. M. Cables 2 and 3 were 


SELF-DOCKING TESTS OF DRY DOCK FOR CAVITE, P. I. 721 


then slipped from the tower-deck bitts and made fast to the 
forward-deck bitts of the center pontoon with two shots of 
chain which had previously been detached from cables 1 and 
4. An anchor-hoy and tug was used in shifting moorings 
and handling cables. 

On July 19th, cables were slipped from the after pontoon 
bitts and made fast to the side-wall bitts as was done in the 
case of the bow pontoon. All horizontal connection bolts 
were removed and the flood valves opened at 10°20 A. M. 
The pontoon began to drift out with the tide at 10°49, and 
was hauled to the port side of the dock and made fast at 12 M. 
Cables 2 and 3 were then slipped from the tower bitts and 
made fast to the after center pontoon bitts as for the bow 
pontoon. 

On July 20th, the center pontoon was submerged to an 
average draught of thirty-three feet, giving a little over twelve 
inches clearance between the bottoms of end pontoons and 
the blocking for a draught of nine feet. The end pontoons 
were then hauled in and centered over the keel blocks. 
Pumping was commenced at 12°26 P. M., the blocks were 
awash at 1°25, and the pumps were stopped at 1°40 with a 
freeboard of eighteen inches, the total time of pumping being 
one hour and twenty minutes. All mud valves in end pon- 
toons were opened at 1°00 P. M., and the compartments 
drained with the falling water. 

During the next three days the pontoons were held on the 
blocks and the time was spent in cleaning and repainting such 
parts of their bottoms as seemed to require it, and in arranging 
the blocking on the ends for seating the center pontoon. On 
July 24th the mud valves of the end pontoons were closed at 
8°40 A. M., the flood valves were opened at 9'15 and closed 
with the pontoons afloat at 10°00 A. M. ‘The pontoons were 
lashed together in tandem and drawn out with the tide, being 
clear of the dock at 11°31 A. M. Both pontoons were then 
made fast to the starboard side of the center pontoon. When 
floated, the end pontoons had an average draught of 4.59 feet, 
making their joint displacement 3,164 tons. 
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The 25th of July was consumed in arranging the blocking, 
and on the 26th the work of docking the center pontoon was 
begun. Cables 2 and 3 were slipped and led by hawsers to side- 
wall bitts, the dock being held in the meanwhile by cables 1 
and 4. At 8-30 A. M. the stern pontoon was sunk to suffi- 
cient depth to permit its being hauled under the overhangs, 
and at 11°40 it was in position and ready for sinking to full 
draught. At 1°05 the flood valves were opened, and at 3°50 P. M. 
the pontoon had reached an average draught of thirty-one 
feet, the sinking being carried on very deliberately on account 
of the possible effect of the strong ebb tide, nearly always to 
be contended with at this point. After reaching this depth 
the pontoon was drawn under the center pontoon and cen- 
tered over the blocks. The pumps were started and contin- 
ued until the pontoon reached a draught of twenty-eight feet, 
and the center was firmly seated. 

On July 27th the dock was simply held in position and ob- 
servations made for possible settlement. On July 28th the 
bow pontoon was drawn into position, sunk to a draught of 
thirty-one feet, drawn under the center pontoon and, at 2°20 
P. M., pumped to a uniform draught with the stern pontoon. 
Both end pontoons began pumping full speed at 2:20 P. M. 
and reached a freeboard of eighteen inches at 7 P. M. After 
holding the dock in this position for four days, the work of 
undocking was commenced, but, on account of bad weather, 
this work was discontinued and the end pontoons were held 
at twenty-six feet draught until August 2d, when the stern 
pontoon was hauled from under the center and connected in 
its proper position. Two more days were lost on account of 
the weather, and the bow pontoon was withdrawn and con- 
nected on August 4th. No difficulty was encountered in 
entering the connection bolts, and each pontoon was sunk, 
hauled out, pumped to proper draught and connected in twelve 
hours time. 

The total working time consumed in the self-docking tests, 
exclusive of the time spent on the blocks, is about fifteen days, 
and, when it is taken into consideration that this work is 
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absolutely new, that it was necessary to proceed with caution 
during the first test, and that the crew was naturally unused 
to its work, it would seem probable that the time for future 
self-dockings could easily be reduced to ten or eleven work- 
ing days. 

Numerous devices have been exploited in the past, all claim- 
ing more or less novel means to enable floating docks to lift 
their own hulls for inspection and repairs. Few of these 
devices appear practical, and still fewer have been actually 
tried on large structures. The most prominent among the 
self-docking types is the Clark & Stanfield modification of the 
Rennie type, represented in this country by the naval docks at 
Algiers, La., and at Pensacola, Fla. The Algiers dock was 
successfully self-docked by her builders during the acceptance 
tests, and required for the operation about forty days. It suc- 
ceeded in lifting the pontoons to a height of four feet and the 
side walls to a height of twenty-one inches above water. The 
Pensacola dock has docked her intermediate pontoons, but is 
only now, for the first time, attempting to lift the end sections. 
So far as I am aware, the new Bermuda dock has never been 
completely docked, nor has the new naval dock at Pola, Aus- 
tria, the latter being an entirely new design. 

The Cavite dock has, so far, proven a complete success, and 
the self-docking features are particularly satisfactory. In the 
light of experience with other self-docking types, it would 
seem that, as regards the saving effected in time and labor, 
facility of control and simplicity of operation, the self-docking 
problem has been satisfactorily solved and the greatest objec- 
tion to the floating dock fer se completely eliminated. 

The self-docking tests were conducted by a Board of which 
Captain Adolph Marix was senior member, and Naval Con- 
structor W. G. Du Bose and Civil Engineer Leonard M. Cox, 
members. 
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SUGGESTIONS AS TO THE ADAPTABILITY OF A 
UNIVERSAL STANDARD FLANGE LIST 
FOR MARINE WORK. 


By LUTHER D. LOVEKIN, CHIEF ENGINEER OF THE NEW 
YorK SHIPBUILDING Co., OF CAMDEN, 
N. J., ASSOCIATE MEMBER. 


Thesubject of flanges for all purposes where pipes are required 
to be connected by such means is one of the most important 
details in connection with modern engineering, and one which, 
without doubt, has received the least attention among design- 
ing engineers. Too often does it occur in the drawing rooms 
of large establishments that when a flange list is to be made 
out it is given to some young draftsman of very limited ex- 
perience, with a view, no doubt, of economizing, and when 
finished we find this new list embodies the mistakes of the past 
as well as some new features which are liable to add to the 
already innumerable troubles existing in this line. 

With some knowledge of the troubles existing in this line 
(due to various causes), the writer decided that the time was 
very close at hand when engineers must give this subject their 
very best attention, and this will be very apparent to all when 
we consider for a moment the great tendencies toward the use 
of higher boiler pressures and their consequent economy. As 
a result of this, during the year 1899, I took my initiative step 
in this line, in first inventing a new form of pipe joint, and in 
order to be certain that I would cover all possible merits in 
connection with the same, I went at the designing of this 
flange with as much pleasure as though I were designing an 
engine. I made all sorts of calculations, such as would apply 
to this line of work, with a view of placing the metal of the 
flange in the place where it was most needed, and before I had 
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finished my first series of designs and had gathered together 
all the data I could, I almost concluded that this branch of 
engineering work had been left to the old and familiar method 
of “rule of thumb.” Be it as it may, I cannot refrain from 
expressing the view that, while prominent engineers have fre- 
quently taken this subject up, they have seldom given the mat- 
ter serious thought, but, instead, as a rule, when a matter of 
this kind has been brought to their attention, they have simply 
asked what the trouble was, and in the case of a flange spring- 
ing between bolts, or the bolts themselves being weak, they 
have either said to the draftsman “ Put another 4-inch on the 
thickness,” or “ Put the next size larger bolts in, and I think 
you will avoid the trouble.” 

How many engineers have ever taken the trouble to analyze 
the forces set up in flanges of the various sizes with a view of 
determining what would be the most suitable shape of a flange, 
the amount of surface a gasket should have in order to produce 
a good joint, and, furthermore, to see that whatever flange 
was used would, as far as practicable, be of the least weight 
consistent with strength? It seems to me there has been 
more talk on such items as multiples of four bolts, being abso- 
lutely essential to any standard, and the thoughts as to how 
this or that suggestion would affect the valve maker, with his 
numerous patterns on hand, than as to how this whole matter 
was going to affect the engineer whether at sea or on shore, 
as well as the owners of our large vessels and industrial works. 

There is no doubt in my mind but that the industrial estab- 
lishments throughout our whole country are suffering from 
leaky joints in steam pipes, and spending thousands of dollars 
on various kinds of gaskets or other jointing material in order 
to remedy defects which are not always due to the kind of 
material used for such gaskets, but are chiefly due to a lack of 
strength in the flanges themselves. The writer firmly believes 
in standards, and appreciates the fact that others before him 
have made standards, but appreciates the additional fact that 
no good standard flange list appears to be in general use at the 
present time for the higher pressures ; in fact, some of our 
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best concerns in New York City today are ordering forged- 
steel] flanges of the same dimensions as the standard cast-iron 
ones in use at the present time for large power plants. Surely 
they are not doing this unnecessarily? No, for I have been 
informed by parties well versed in this line that they are 
ordering these ponderous steel flanges for safety only, and for 
this latter cause we cannot help but admire them. 

However, we all know that the weakest link in a chain will 
be the one to first break under great strain, and, therefore, why 
not adopt some logical reasoning with this subject, just as we 
do in all other engineering subjects, and then when we have 
finished our work we can stand on some firm foundation, 
particularly so after a complete series of tests are made which 
confirms the theory of our work. 

Personally, I see no reason for any variation in the practice 
of pipe fitting of any character; what we all want is a uni- 
versal standard, but we will never have this so long as the 
mechanical engineers of the world adhere to the multiple of 
four bolts, for we all know that with ship work, where every 
pound of metal wasted means just so many pounds less cargo 
carried, and, naturally, so much less earning capacity of the 
vessel. Furthermore, in our naval work, we are compelled to 
pay a penalty of $500.00 per ton, over and above the weights 
specified by the Engineering Department. 

With such restrictions as these resting upon the designers, 
builders or owners, it becomes of interest to all to see that 
there is no unnecessary excess of weight carried on ship-board, 
such as would necessarily follow were we to attempt the use 
of the bulky and yet weak flange list known as the Mechanical 
Engineers’ Standard, which, in most cases under my super- 
vision, has proven so inefficient in the number of bolts used 
as to often require the placing of additional bolts between 
these multiples of four after the work has been erected. Per- 
sonally, I do not believe there is a shipbuilder or marine en- 
gineer in the United States who would support such a standard 
as is used in the general commercial work for pressures above 
150 pounds. If this is correct, why, then, should we not all 
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unite in one standard, at least for the higher pressures, say 
‘from 150 pounds steam pressure and upward? This would 
enable us all to use valves or fittings of any character for the 
conveyance of steam, which we all know should be accom- 
plished in the same manner, whether it be aboard ship or in 
our power houses. There is positively no good reason why we 
should not have that same factor of safety in our power houses 
that we have in our ships, and vice-versa. 

Furthermore, in my opinion, any standard flange list should 
have the joints or flanges egual at least to the bursting strength 
of the pipe itself, so that we could rest assured that, in the case 
of water hammers and other shocks of a similar nature we had 
at least done our best from an engineering standpoint. 

The writer having given his best attention to the subject 
of pipe flanges for several years, and constantly observing the 
various troubles that were brought to his attention, begs to sub- 
mit to the marine-engineering world a series of flanges which 
have been designed very carefully, with a view of overcoming 
all possible objection, and will be very glad to hear from any 
of our engineers relative to the same. It might be well to 
state that my reason for calling particular attention to the 
marine-engineering world in this direction is due to the lack 
of any one standard which covers both the Navy Department 
and the merchant marine. 

With this in view, I present herewith a full list of flanges (see 
sheets Nos. 1, 2 and 3), from 2 inches to 20 inches diameter, 
designed for 300 pounds working pressure, the same diameter 
of flange, diameter of pitch circle and number of bolts, how- 
ever, to be used on all pressures between 100 and 300 pounds, 
which I have termed “A Proposed Universal Standard Flange 
List,” the intention being to use the list as designed for pres- 
sures between 200 and 300 pounds, and then to modify the size 
of the bolts used for pressures between 100 and 200 pounds on 
all pipes above 4 inches diameter, so that we would never use 
less than a $-inch bolt within the range of sizes given. 

It has been my aim to produce a list whereby various 
methods may be employed for attaching flanges to pipes with- 
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out affecting in any manner the principal points of advantage 
sought for, and in order to fully understand my meaning in - 
this direction I have had prepared sections of 10-inch pipe with 
their flanges attached as shown. 

It will be noticed that I have made a comparison of the 
single-riveted flange with the pipe flared at the outer end to 
an angle of 20 degrees. (See sheet No. 4.) I have also shown 
the double riveting, such as we have used on all our merchant 
ships, with the pipe caulked inside and outside, similar to that 
of a boiler-shell joint. (See sheet No. 5.) 

Furthermore, I have prepared the double-riveted joint as 
used by the U. S. Navy, wherein the end of the pipe is pened 
over into a recess in the face of the flange. (See sheet No. 6.) 
In all these designs I have kept the section where the bolt 
passes through the same throughout. Knowing this section 
to be more in accordance with mechanical principles than the 
parallel section commonly employed, caused me to adopt this 
form, and I have had numerous samples made and tested, so 
as to prove my statements. 

Furthermore, I might mention that in order to be certain 
as to what could be accomplished in the direction of expanded 
joints, I made several samples of steel pipe 20 inches in diam- 
eter and one-half inch thick, and the work done was such that 
the Committee of Science and Arts of the Franklin Institute 
awarded me the Elliott Cresson Gold Medal for my work in 
this new field of engineering. In all cases where expanded 
joints are made, I am certain that, if necessary, we can burst 
the pipe without in any way affecting the expanded joint when 
properly made. 

Furthermore, the expanded joint is at least 25 per cent. 
stronger than the average form of riveted joint, such as shown 
in the accompanying prints. ' 

It is also absolutely impossible to have a leak between th 
flange and the pipe when so expanded, for I have made numer- 
ous tests wherein I have heated both the pipe and the flange 
red hot, and then plunged the same in water, and afterwards 
placed them under a test pressure of 5,000 pounds per square 
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inch, without any sign of leakage whatever. Zhzs will be 
apparent to all when it ts considered that the ends of the pipes 
themselves form the joint and any additional clamping effect 
produced by the bolts has a tendency to pull the pipe closer to 
the flange, in direct proportion to the angle of flare at the end 
of pipe, the small shoulder at the end preventing the pipe being 
forced out of the flange. As stated previously, my aim has 
been to produce a flange list whereby any of the methods 
shown may be employed without affecting the principal points 
of advantage sought for. 

Furthermore, we all realize what a great advantage would 
be had in a universal flange list, and in order to accomplish 
this purpose it will require the united efforts of both the ship- 
builders, the Navy Department and the Bureau of Commerce 
and Labor (Steamboat Inspection Service). This latter Bureau 
I have satisfied, and any of the forms shown herewith meets 
with their approval, according to the latest rules and regula- 
tions (1905 edition). 

In order that there should be no one particular form of 
flange connection considered in this matter I have, as before 
stated, considered all of the joints used in marine work at the 
present time, with the exception of the welded flange. My 
reason for not considering this is on account of the enormous 
expense necessary to make the same, and also the inability of 
using a flange welded to the pipe to its greatest advantage, 
such advantage being a very small diameter of flange and also 
the ability to use a small pitch circle, due to not having any 
boss on the back of the flange; ¢hzs type of joint could never 
be employed as a universal standard, inasmuch as any stand- 
ard flange list adopted must have the following character- 
istics, viz: 

We should be able to join a pipe to a valve or similar cast- 
ing, when made of cast iron, the thickness of metal in such 
valves or castings being always in excess of the thickness of 
material in the pipe itself ; we should also provide for pipes 
having their flanges rivetted to the pipe. Consequently we 
must have a pitch circle that will readily conform to the above, 
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so that the nuts or heads of the bolts may clear the fillet in the 
casting. All flanges submitted by me have had these points 
fully considered, and the advantages sought are as follows: 

First. A uniform outside diameter of pipe flange, for pres- 
sures between 100 and 300 pounds. 

Second. A uniform pitch circle for bolting flanges together. 

Third. A sufficient number of bolts to be equal in strength 
to the bursting pressure of the pipe. 

Fourth. A flange section fully as strong as the bolt section 
in all cases, so designed that the weight of same is reduced 
to a minimum. 

Fifth. To have all bolts entirely outside of the gasket, 
thereby avoiding troublesome leakage through bolt holes, such 
as is often encountered. 

Sixth. That the areas of the gaskets between flanges may 
be subjected to a uniform pressure per square inch in all cases 
by means of the number of bolts used, said total pressure on 
gaskets being in excess of the tendency to pull joints apart 
(due to the internal pressure in the pipe) without subjecting 
the bolts to a stress of over 5,000 pounds per square inch 
under working pressure. 

This feature of the gasket area is a very important one, 
and the design submitted requires the mimimum amount of 
material that could be desired for such purpose, thus securing 
a great saving to both the builder and owners in the supply 
and renewal of these gaskets. 

Seventh. The flanges, as shown, may be used for either cop- 
per or steel pipe, and can be made of steel or iron for copper 
pipe when not subjected to corrosion (such as pipes in the bilges 
of ships or in any other locality where galvanic action plays an 
important part), therefore eliminating the practice of brazing 
the copper pipe to the flange, which, from results shown, is 
positively not a necessity, but rather a source of danger. Where 
necessary or advisable to use brazing metal or bronze flanges, 
they may be of the same sectional area of the steel flanges 
shown, inasmuch as these steel flanges have been designed for 
steel pipe, and the same sections may be made of brazing metal 
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for copper pipe, and bear practically the same relation as the 
steel flanges for the steel pipe. 

The third and fourth paragraphs are the ones I have given 
great consideration, and are the basis of all my work. I am 
not a believer in that practice of engineering which permits 
the use of varying factors of safety for the same structure when 
subjected to all kinds of shocks, such as water hammers, etc. 
We should certainly have the pipe with a certain factor of 
satety and then make the flange connection with approxi- 
mately the same factor, In all of my work, as will be clearly 
shown in Fig. No. 7, I have taken the bursting strength of 
the pipe as the basis for all calculations relating to these joints. 
A full set of calculations appear on pages following, which 
clearly indicates the manner in which each and every one of 

these flanges have been designed. 

will be noted that for pressures above 175 pounds I have 
used the male and female type of joint; for pressures below 
175 pounds a plain joint is used, such as shown in the draw- 
ings of proposed universal flange list. While, as stated 
before, any of our well-known methods may be employed in 
connection with this universal standard flange list, I would 
state that the advantages of the expanded pipes as shown are 
as follows: 

No heating, no brazing, no riveting, zo /eakage such as ts 
often encountered through rivet holes or between pipe and the 
inside of flange, no crystallization. Joint may be designed to 
exceed the strength of the pipe. By the omission of rivet 
holes the pipe is about 25 per cent. stronger than riveted pipe. 


Furthermore, I have made many samples wherein from | 


actual tests the pipe showed an increase in strength due to 
the cold rolling it received of about 15 per cent. 

In conclusion, I would state that with a flange constructed 
on this principle the tightness of joints at the gasket will not 
be affected by the pitch of the bolts, inasmuch as the great 
depth of flange over the gasket is not susceptible of any deflec- 
tion whatever, and it is therefore impossible to blow a gasket 
out, due to the deficiencies such as occur in the older forms 
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of flange connections. All that is needed in a design of the 
character shown is a sufficient number of bolts to enable the 
flanges to be drawn together to such an extent as to produce 
a pressure on the gasket in excess of the tendency to pull 
apart, and a section of flange that will not be unduly strained 
under such pressure. The depth of the flange through the 
bore must be sufficient for either single or double riveting or 
expanding, and the depth of bores in the expanded joints 
shown herewith are the results of numerous tests made by 
me, and are what I consider the least possible for safety. 

I enclose herewith a table (marked Fig. No. 8) showing all 
the various stresses throughout, of this proposed universal 
flange list, which gives the various proportions throughout in 
a condensed form, and I trust that this matter will be consid- 
ered of sufficient importance to give the same thorough con- 
sideration, knowing, as I do, that this is a matter which has 
been under consideration for some time, and believing that a 
flange list for the Navy Department should not differ in any 
way from a flange list for the merchant marine, causes me to 
introduce this subject in the manner I have done. 

A comparison of these flanges with those in use by the U. S. 
Navy Department will show very clearly the great saving in 
weight over the above-mentioned flanges, and in addition will 
also convince one of their superiority over the former stand- 
ard flanges as regards strength. (See list of comparative 
weights, Tables No. 9 and 10.) 

[Notr.—A full and complete discussion is invited on this 
subject, and it is hoped that the various shipbuilders and 
engineers will give this matter their consideration on account 
of its great importance, addressing their remarks to the Sec- 
retary-Treasurer. | 
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Table IX. 


COMPARISON OF WEIGHTS BETWEEN “LOVEKIN UNIVERSAL” PROPOSED 
LIST (COLUMN A) AND THE U.S. NAVY DEPARTMENT, BUREAU OF STEAM 
ENGINEERING, STANDARD, WEIGHT OF ONE PAIR, MALE AND FEMALE, 
ALL CALCULATED OR SCALED; NO DRILLING, BUT BORED AND FACED 
TO WITHIN ONE-SIXTEENTH INCH OF DRAWING DIMENSIONS. 


| Navy. 
COLUMN B. 
Lov 
A. 
DIAMETER. 
Six inches and above 
Two rows of rivets. 
Below 6-inch, pipe expanded. 
Inches. Pounds. Pounds. 
2 12.5* 12.5 
2h 14.6% 17.4 
| 
3 17.3" £ 25.t 
33 20.8* 

4 23.9* 34-7 

5 35-6* 44-7 

6 45.1* 72.8* 

7 58.8* 83.7* 

8 73.1* 103.3* 
10 105.7* 135-4* 
144.7* 195.* 

15 * 275.* 
* Estimated. tScaled. 


NotTr.—The Lovekin flange is very much stronger than the Navy type as 
shown, owing to the thickness of flange at the bolt section. Flanges are less 
difficult to make, and thus a great saving is obtained in price, owing to the 
omission of the great depth of boss. 
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Table X. 


COMPARISON OF WEIGHTS BETWEEN “LOVEKIN UNIVERSAL” PROPOSED 
LIST (COLUMN A) AND THE FLANGES USED ON THE WASHINGTON 
AND KANSAS (COLUMN B), FOR 300 POUNDS GAUGE PRESSURE. 


Weight of one pair (male and female) faced and straight 
bored to within one-sixteenth inch of drawing dimensions, 
calculated or scaled without any bolt holes or rivet holes being 
considered. 


| COLUMN B. 

| On six inches and over collar is 

COLUMN A. lengthened and a single row of rivets 
used. 


Six inches and above | 


DIAMETER. 


laches. Pounds 


2 12.5* 
24 14.6* 
17.3* 

20.8* 

23.9* 

35-6* 

45.1* 

58.8* 

73-1" 

105.7* 

144.7* 

* 


As they come from the die. 


Estimated. Scaled. 
NoTE.—The Lovekin flange is very much stronger than the ones used on 


the lashingion and Kansas, owing to the thickness of flange at the bolt 
section. 
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CALCULATIONS FOR A 12-INCH FLANGE. 
See Figure No. 7. - 
Inside diameter of pipe, nominal, 12 inches. 


T= PXD +tinch, U. S. Navy rule. 
10,000 
P= 265 pounds per square inch. 
D = 12 inches. 
T= “10,000 + 4inch = -443, = 45093. 
Bursting pressure ?= _ 


Assume S = 50,000 ultimate ; 


Hence, P = ———*___—— = 3,780 pounds per square inch ; 


12 
3,780 
3 


Factor of safety for 300 pounds = — 12.6. 


Use 16 bolts 1 inch diameter. Area at root of thread = .55 square inches. 

Assume that the end pull, corresponding to the bursting pressure, will be 
over the area of the pipe to the inside diameter of the gasket. 

Area for 124 inches diameter = 122.72 square inches. 

Pull on bolts = 122.72 3,780 = 463,800 pounds. 


Pull on each bolt = 463.000 = 29,100 pounds. 


Stress per square inch at root of thread = _— = 53,000 pounds. 
Outside diameter of gasket 14% inches = 162.3 square inches, area ; 
Inside diameter of gasket 124 inches = 122.72 square inches, area. 


Area of gasket = 39.58 square inches, 
When the joint is tightened up, assume that it is compressed to a pressure 
of 1,000 pounds per square inch, as this may be necessary to imprint the flange 
39.58 X 1,000 


faces thoroughly. The resultant stress on the bolts would 16 X «55 


4,500 pounds per square inch. 

Under working conditions, at 300 pounds pressure in the pipe, assume that 
this same pressure is maintained over the gasket area, so there can be no 
chance for the steam to enter between the faces in contact, and thus invite a 
leak. 

Hence, working stress on bolts = = 5,500 pounds per square 
inch. 


CALCULATIONS FOR STRENGTH OF FLANGE ON THE SECTION AB TO 
RESIST THE MOMENT OF THE BOLT WHEN THE PIPE 
Is SUBJECT TO A BURSTING PRESSURE. 


Assume that each bolt acts on its own proportionate part of the flange; 
that is, the flange is divided into sixteen beams, fixed at one end and carry- 
ing the pressure of the bolt at the other. 


| 
9 x 5 
= 
= 
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F = pressure of one bolt due to the bursting pressure in the pipe = 29, 100. 
Z = distance of application from neutral axis = inches. 


Hence, moment = / ZL. 

Moment of resistance for this beam = ~ 

h = depth of beam (length of 4 2) = 1} inches. 
s == maximum fiber stress in the section. 


6=breadth of beam measured along the circumference of neutral axis = 


2.88 inches. 
2 
Fx La. 
_6FL 6X 29,100 1; inches _ 
Hence, S= 2.88 =22,000 pounds per square 
inch. 


Thus the flange cannot be bent by the bolts when the pipe is subject to its 
bursting pressure, on account of our keeping the stress below the elastic limit 
of the material in the flange. 


STRESSES ON GROOVES WHEN THE PIPE IS SUBJECT TO BURSTING 
PRESSURE. 


Area of shoulder, 4; inch deep. 
137s inches outside diameter = 133.9 square inches area. 
12%4 inches inside diameter = 131.9 square inches area. 


= 2. square inches net area. 
The projected area of the curved shoulder is also equivalent to 2 square 
inches area; hence the bearing area of the grooves = 2 X 2= 4 square inches. 
The projected area of the flare is the most effective bearing surface against 
end pull on the pipe. 
13} inches outside diameter = 143.1 square inches area. 
12$} inches inside diameter = 131.9 square inches area. 


= 11.2 square inches net area. 
4 


Hence the total bearing area 15.2 square inches. 


CRUSHING STRESS DUE TO BURSTING PRESSURE IN THE PIPE. 


122.7 X 3,780 


ie = 30,500 pounds per square inch.* 


Depth of shearing area = depth of grooves + depth of flare = 4 inch 
+ 9; inch = 17, inch. 

Circumference of shearing area for 1234 inches diameter = 40.8 inches. 

Shearing area = 40.8 X I;/; inches = 43.4 square inches. 
122.7 X 3,780 


Shearing stress due to bursting pressure = 43.4 


= I0,700 pounds 
per square inch.f 


* This stress could be at least 50,000 pounds. 
+ This stress could be at least 40,000 pounds. 
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IMPORTANT NOTE. 


The principal bearing surface in this form of joint is the projected area of 
the flared portion at the end of the pipe. The grooves in the bore of the 
flange, however, have a very important function with this type of joint, serv- 
ing to retain the flange in a positive position with relation to the end of the 
pipe, and also partially relieving the shearing and crushing stresses at the 
ends. 

The complete filling of these grooves is not essential to the effectiveness of 
this type of joint. 

See cut No. 7A, showing diagram of the resolution of forces, attached 
herewith. 


SMHOULOER 


R 
Fig. 7a. 


Diagram of Resolution of Forces in Lovekin Method of Making 
Flange Joints. 


Note the outward reaction of flared pipe due to end pressure. 


=reaction. 

= end pressure. 
R= Fsin 20°. 
R= F. 


The coupling also tends to close in on the flare of the pipe, due to the 
moment of the bolts. This maintains the close contact between the pipe and 
the flange. 


The dimensions of pipe flanges for universal standard fol- 
low in table, Fig. No. 8. 


The method of calculating the pull imposed on the bolts by the bursting 
pressure in the pipe may be open to question, It can be argued that it is 
better to consider the pressure over the whole area of the pipe and gasket, 
instead of taking it to the inside diameter of gasket only. 

In accordance with this argument that the pressure is distributed over the 
whole area, it will be well to give a column of figures showing the working 
stress on the bolts due to 300 pounds pressure over the entire surface; the 
table herewith appended gives such. 


| 
: 
| 
SLL 4 
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Stress in Bolts due to 300 Pounds Pressure Over the Entire Area of 
Pipe and Gasket. 


Diameter | Stress in | Diameter | Stress in | Diameter Stress in 
bolts. of pipe. | _ bolts. } of pipe. bolts. 


Juches, 
4,980 5,540 
4, 100 5,720 
4,560 5,220 
5.150 || 5.940 
4.420 | 6,050 
4,820 || 
5,259 
4,97° 

| 5,360 
: 4 5,150 


No special material required in any case. 


Steel of 60,000 tensile strength, iron of 45,000 tensile strength have ample 
safety in all cases. 


Inches. Pi 
2 2 
24 2 
3 3 
34 3 
4 4 
44 3 hee 
4 
54 4 
6 4 
: All bolts to be of either good mild steel or the best grade of wrought iron. ee 


DIMENSIONS OF PIPE FLANGES FOR UNWERSAL ST 


To Boot8® PRESSURE 
FOR PRESSURES BELOW MALE AND FEMALE JOINT MAY BE omITTED. 
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EXPERIENCES WITH NICLAUSSE BOILERS ON 
THE U. S. S. NEVADA.* 


By LIEUTENANT A. M. Cook, U. S. N., SENIOR ENGINEER 
OFFICER, MEMBER. 


My experiences with the Niclausse boilers on the U. S. S. 
Nevada have been so commonplace that it may seem unin- 
teresting to the searcher after something new in marine water- 
tube boilers, yet I am tempted to recount some of these 
experiences. 

The Nevada was placed in commission at Portsmouth, 
N. H., March 5, 1903, with C boiler in use for auxiliaries. I 
was informed by the contractor, the Bath Iron Works, that 
each boiler had, at that time, been in use about seventy days. 
Since commissioning, the four boilers have been in use for all 
purposes, to June 1, 1905, as follows: 


Boiler A, 291 days, 19 hours. 
B, 270 days, 14 hours. 
C, 276 days, 19 hours. 
D, 230 days, 1 hour. 


On March 6, 1903, two days after commissioning, the draft 
failed, and the use of the steam lance for cleaning soot off the 
tubes gave only temporary relief; matters got worse until 
March 12th, when it became necessary to stop all auxiliaries 
except the feed pump in order to increase the steam pressure. 
On that day the forced-draft blowers were started and run for 
a short period, with the idea of blowing the soot off the tubes ; 
and for several days thereafter no further trouble with the 

_draft was experienced. It was found at that time that the 
draft would fail after any boiler had been in use for three or 
four days, and to avoid this it became routine to run both 


* For a description of the U. S. S. Nevada see Vol. XV, page 105. 
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blowers at full speed for a short time each morning watch, 
using the lance about once a week. The soot settled on the 
horizontal baffles and the lance would not clear the heating 
surface; the use of the blowers, however, was effective and 
disposed of the soot by way of the smoke pipe. 

In chronological order, the next thing that caused some 
anxiety was the attempt to remove the circulating tubes for 
_ examination, when it was found that the plugs had been set 

up too hard. It is quite probable that the mechanics respon- 

sible for this condition had had no other experience with the 

boilers than that of erecting them as new work. The plugs 

are made with a double thread on a taper, and after having 
_ been set up too hard, a little heat did the rest, and it was dif- 
ficult to remove them ; their removal was finally accomplished 
by patience, the use of extra tools and a wrench for clamping 
the generating tubes in their seats while unscrewing the plugs. 
In replacing these plugs it is necessary to coat the threads 
in with a lubricant which will not burn hard, to start the plugs 
in carefully, and then screw them home with a moderate strain. 
A 14-inch wrench with a strain of about 50 pounds is suffi- 
cient. 

The next trouble was with grease in the boilers. When 
the ship was placed in commission there was no filtering ma- 
terial in the feed tanks. My attention being devoted to more 
pressing matters, this important requisite for the care of the 
boilers had been neglected. Loofa, or rag plant, has since 
been used with good results, and grease has caused no anxiety. 
During this experience without filtering material, it was found 
that the grease was confined almost entirely to the first three 
headers next the feed inlet, most of it being deposited on the 
inside of the circulating tubes of these headers. The feed 
water, in passing first through these headers, as it seems to do, 
deposited nearly all the grease. The tubes of the adjoining 
headers were found to have only a trace of grease. On the 
opposite side of the boiler, away from the feed inlet, no trace 
of grease was ever found, and, in consequence, it was neces- 
sary to examine and clean the tubes near the feed inlet oftener 
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than the others. The character of the circulation is, undoubt- 
edly, the cause of finding all the grease in a few headers 
near the feed inlet and the salt scale in the headers farthest 
away. ‘The water enters at one side of the boiler and ap- 
parently circulates through nearly all the headers in turn 
until it reaches the other side, at which point the concentra- 
tion of the water is higher than anywhere else ; therefore, the 
salinometer connection should be at the end of the drum farthest 
from the feed inlet, instead of in the center, as generally placed. 

At the first general cleaning of the boilers, scale was found 
in all of them. Since then none has been found except in one 
or two instances, where the circulating tubes had become de- 
fective. The boilers had the same feed water, care and atten- 
tion before as they did after this scale was found, and I am of 
the opinion that the scale was in the tubes when the ship was 
delivered to the Government. This opinion is strengthened 
by a later experience, when unusual and urgent circumstances, 
combined with a leak in the condenser, caused one boiler to be 
used for about fifteen hours, with a concentration equal to that 
of ordinary sea water, and an examination at the first oppor- 
tunity showed no scale at all in the tubes. During the time 
that this boiler was in use with salt water, we were burning 
about fifteen pounds of coal per hour per square foot of grate, 
and there was not the slightest evidence of any priming. This 
was a revelation to me, for my torpedo-boat experience led me 
to believe that such a thing as no priming when using salt 
feed could not occur with any water-tube boilers. The scale 
found at the first general cleaning was removed with the tur- 
bine cleaner and scrapers, some of which were made on board, 
having two edges, shaped to the curve of the tube and held 
out by the spring of the fork on which they are formed. After 
the scale, grease, or any other kind of dirt, has been loosened 
in the tube it is removed by a steam jet. This jet is produced 
by a pipe, somewhat longer than the tube, connected with 
a steam hose. The end of this pipe is closed, and there are 
small holes near the end, drilled so as to direct the jet back- 
wards at an angle of about 45 degrees. With the steam turned 
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on, this jet will remove all water and loose dirt from the tube. 
Most of the water in the large tubes is usually removed by a 
syphon before using the jet, on account of the large amount 
that would be blown into the fireroom. 

After the ship had been cruising for some time in squadron, 
it was found that some of the malleable iron lanterns of the 
lower generating tubes were broken, as shown in Figure No. 1; 
the first one discovered to be in this condition had developed a 
slight leak around the outer cone joint; an occasional broken 
one was found in this way, but the greater number were not 
’ discovered until the circulating tubes were removed for the 
routine examination. Requisition was made for new lanterns. 
In the meanwhile boiler D was in use for some weeks, during 
which time it was known that several of the lanterns were 
broken. Some of these had leaked when they first broke, or, 
rather, when they first came to our notice; but when pressure 
was off the boiler, they were put straight on their seats and the 
dog adjusted reasonably tight against the lantern plug; this 
always stopped the leak. When the boiler was taken in hand 
for the renewal of these defective lanterns, it was found that 
not fewer than eleven were broken in the lowest row, out of a 
total of nineteen in that row. A few others broke in this boiler 
afterward, but it is probable that these had already been cracked. 
This trouble is believed to have been due to the material of 
which the lanterns were made and to the usage to which they 
were subjected; they are malleable castings, and the usage re- 
ferred to was the practice of opening the fire doors to control 
the steam, which practice was of frequent occurrence while in 
squadron until the trouble of cracked lanterns was under- 
stood ; since the opening of fire doors to control steam has 
been stopped, very few lanterns have broken. I believe that 
one of the old style lanterns is occasionally broken even now 
while cleaning fires. When the fire door is opened wide, with a 
hot fire, the great inrush of cold air striking the tubes of the 
bottom row contracts the lower side of them to a considerable 
extent, and very much more quickly than it does the top sides 
of the same tubes; this causes the tube to bend up in the 


Fig. 1.—BROKEN LANTERNS. 


2.—TuBES BEFORE CLEANING. 
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middle in the form of an arch throughout its length; at the 
same time the lantern, being fast in the header, remains in its 
original position and causes what I am pleased to call a“ kink” 
in the lantern. Either a frequent repetition of this action, or 
some especially violent one, causes the fracture. An inspection 
of the furnace not infrequently shows tubes bent up as de- 
scribed ; in every case, however, these same tubes will be found 
to be straight at a later date, and I do not believe that this 
bending causes any other damage than the fracture of the 
lanterns. This trouble cannot occur with lanterns made ac- 
cording to present practice. The bending of tubes, however, 
shows the great strain to which straight tubes, fast to both 
ends, must be subjected in water-tube boilers with tubes so 
secured. 

The manufacturers of these boilers have long since stopped 
making lanterns of the pattern originally supplied to this 
ship. A few of the new style ones have been in use in the 
Nevada’s boilers for nearly a year with entire satisfaction. 
The new lantern is made in one piece, with the tube as shown 
on sectional elevation of the headers and tubes. (See Fig. 3.) 
The tubes are received by the manufacturer from the mill of 
one diameter throughout ; the header ends of tubes are upset to 
compensate for the boring and threading on the inside ; they 
are then expanded at the points where the joints are made on 
the fire side of the header, and where they pass through the 
header diaphragm ; the loose ends are then swedged and the 
tubes are passed on to the machine shop, where they are 
machined, the lantern portion of the tube being milled out of 
the solid. The improved tubes referred to as having been 
used on the Mevada depended upon the fit of the plug thread 
for tightness ; on the tubes shown, the threaded plug carries 
a swiveled cone ahead of it, this cone making the joint on the 
inside of the tube and relieving the thread of the necessity of 
being steam and water tight. This is a further improvement, 
and the substitution of a cone for a screw joint and should elimi- 
nate any sticking of these plugs. With this construction, 
which is but an extension of the cone principle for all joints 
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in this boiler, I am informed they will test tight at 500 pounds 
when screwed in with one hand and a 6-inch wrench. This 
construction does not eliminate the effect of expansion and 
contraction on the tubes, but its flexibility compensates for 
these strains, and, as stated, one year’s service has not developed 
any fault. 

In putting in new tubes it has happened that the tube did 
not fit properly in both joints of the header. A reamer is 
supplied with the boilers for the purpose of reaming out the 
seats in the header. This has not been used, the method fol- 
lowed being to lap off the cone of the tube which is too large. 
This latter method is used for two reasons: one, because it is 
the easiest way to correct the fault; the other, and the con- 
trolling reason, being that there is as much liability, if not 
more, that the fault is in the tube rather than in the header. 
If the header is changed, the next tube may not fit it, while 
if the tube is changed, it can always be put back in the same 
place, and whenever it becomes nece ‘sary to put in another 
tube the header will still be in its original condition. 

I have gone into the troubles on board the Nevada quite 
extensively, believing this to be the best means of explaining 
the way in which they were overcome, and the necessity for 
precautions against their recurrence. The means taken may 
not have been the best in every case, but they have not been 
radically wrong. No boiler of this ship has ever had to be 
taken off at sea or in port on account of any defect. This is 
a very good showing for the design and workmanship. 

A recital of the routine in caring for the boilers may now be 
of interest. The circulating tubes of the headers near the 
feed inlet and those of the lowest row of tubes across the 
boiler are removed for examination after the boiler has been 
in use from twelve hundred to fifteen hundred hours, these 
being cleaned at the same time, when necessary. A few other 
tubes, selected at random, are opened for inspection, a record 
being kept so that different ones will be taken each time. 
If there is any fault general in the whole boiler it will be 
developed by this means, while any purely local trouble might 
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be missed. To avoid this, all the circulating tubes were re- 
moved from all the boilers during the second year in commis- 
sion. ‘Two of thesmall tubes in the middle of boiler A were 
found to have defective circulating tubes; one of them had 
been partly filled with a deposit of scale and had to be renewed, 
the other was not injured sufficiently to require renewal. 

I believe that it would be good policy to make a thorough 
inspection of all the tubes in a boiler at least once in each 
year, as while after the damage is done the cause will be found 
without this work, yet such inspection may prevent possible 
damage. This thorough examination of all the tubes in one 
of these boilers requires only a couple of days under ordinary 
conditions, and in a ship where all boilers are not constantly 
in use at sea the boilermaker can work at sea as well as in 
port, and there will be no trouble in finding the opportunity 
for this work. 

When a boiler is to be out of use for more than a very few 
days it is always entirely filled with water. The water is 
tested for acidity, and enough alkali is added, if necessary, to 
be certain that the water is not acid. 

Precautions were taken from the first to see that the gauge 
glasses were always in proper working order; they were 
blown through every watch. The water end of the glass is 
connected with the bottom of the drum by a U-shaped pipe, 
which is fitted with a cock at the bottom of the U. This is 
always blown before blowing the glass, and it is found that 
considerable sediment collects at this point. By this means 
the dirt is prevented from being raised into the smaller pas- 
sages leading to the glass. 

The boilers were originally installed with Niclausse auto- 
matic feed regulators. I have no doubt that these will work 
satisfactorily so long as they work at all, but they were never 
given a trial after the ship was put in commission. As soon 
as I took charge of the department, on March 5, 1903, they 
were all secured in the wide-open position; afterwards they 
were all removed. They are not necessary with these nor 
with any water-tube boiler in use in the U.S. Navy. The 
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regulation and control of the water level in the Niclausse 
boiler is not difficult in the least, under ordinary circum- 
stances; one water tender having cared for four boilers when 
steaming at full power with forced draft. This has been done 
on the Nevada for four consecutive hours while burning 30 
pounds of coal per hour per square foot of grate. I am firm 
in the belief that the use of automatic feed regulators is but 
an invitation for negligence and disaster. If they are in use, 
the water tender will naturally become negligent and not 
watch the water glass; when they cease to work is most prob- 
ably the time when confidence in them will prevent the water 
tender from noticing that they are out of order. The water 
tender must be on duty, whether the automatic regulator is in 
use or not; if it would allow us to dispense with this valuable 
petty officer I might be converted to its use, but it does not 
do so. 

There is always some grease in the feed water, and some 
dirt, to say nothing of salt, in spite of the filter and any other 
precautions that may be taken. It has been the routine to 
blow the boilers a short, hard blow twice daily; in the morn- 
ing at 8 o’clock the surface blow is used, after being sure that 
the water in the boiler is at the level of a mark on the gauge 
such that the scum pan is just at the water level; in the 
evening, at 8 o’clock, the bottom blow is used, alternating on 
even and odd days with the blows on opposite sides of the 
boiler. 

It had been found that the after boilers were less efficient 
than the forward boilers, and, in an effort to overcome this dif- 
ference, if possible, it was decided to change the baffling in C 
boiler, one of the after ones, believing that the horizontal baf- 
fles were holding the soot above them in considerable quantity, 
and I thought that this accumulation would be reduced by re- 
moving an occasional baffle tube to allow the gases to go up 
through the baffling at intermediate points. To change the baf- 
fling it was necessary to remove a few generating tubes, and it 
was found that all the tubes thus removed were covered outside 
with a thick, hard scale, of a non-conducting material, and that 
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this scale was very hard to get off. Its removal required the 
use of steel scrapers and a considerable application of “elbow 
grease.” This scale was from one-thirty-second to one-six- 
teenth of an inch in thickness. I believed that the cause 
of the lack of efficiency was located, and that it would be 
solved by removing all the tubes of this boiler and clean- 
ing the fire side of them. Owing to the lack of causes re- 
quiring the removal of many tubes and the consequent inex- 
perience of the boilermaker in that work, this was considered 
to be a more difficult task than it eventually proved to be. 
Advantage was taken of a stay in port to begin this work, and 
it was found that the conditions described were the same 
throughout that boiler. The work progressed very satisfac- 
torily to completion. In view of the condition of C boiler, I 
determined to undertake this work on all boilers at the first 
opportunity. Boiler A, a forward one, was next taken in hand. 
It was at once seen that the condition of the fire side of the 
tubes of boiler A was entirely different from that which had 
existed in C boiler. There was a considerable amount of ordin- 
ary soot on the tubes and baffles, but it was of such character 
that a good blow from one’s mouth was sufficient to remove 
it, leaving the tube perfectly clean. There was not a single 
tube in this boiler which had scale on it like that which had 
been found on every tube in C boiler. I am still looking for 
a satisfactory explanation of this peculiar condition found in 
boiler C. 

Fig. 2 shows the condition usually found before cleaning 
the tubes. This dirt disappears entirely after blowing with 
the steam lance. 

Boiler D was next examined. This is the other after 
boiler. Before taking up the work in A boiler, the tubes had 
not had the usual cleaning with the lance after the last steam- 
ing. Before starting D boiler I had one side cleaned in this 
way, leaving the other side in a condition supposed to approx- 
imate that which had existed in A boiler. It was found that 
the side not cleaned was very similar in condition and amount 
of dirt to what had been found in A boiler. There was no 
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hard scale such as had been found in C. On the side that 
had been cleaned with the lance the tubes were all clean and 
in perfect condition. 

There was, however, an explanation for the fact that D 
boiler, notwithstanding its freedom of scale on tubes, had 
shown no greater efficiency than C. When the boilers were 
first installed, a different system of baffling had been put in. 
This had been changed before the trial trip, but many of 
the old baffles had not been removed from boiler D. It is 
believed that these extra baffles among the generating tubes 
of the boiler had caused the soot to collect very quickly after 
the boiler was started, and had thus had a bad effect on its 
efficiency. 

To illustrate the facility with which the Niclausse boiler 
can be thoroughly overhauled, or re-tubed in emergency, I 
want to detail the work done on boiler D at Annapolis. 
The boiler was taken in hand at ro‘oo A. M. Wednesday, 
May 24th, 1905; about four hundred and thirty circulating 
and generating tubes were taken out, cleaned where necessary 
both inside and outside, and all replaced ; those not removed 
were cleaned in place ; the boiler was ready to test at the end 
of working hours on Monday, May 29th. The test made on 
Tuesday morning, May 3oth, showed that every tube was 
absolutely tight at 240 pounds pressure with cold water. 
The time taken for this work, not counting the filling of the 
boiler for testing, was about forty working hours. The test 
on A boiler after the work on it had been done was perfect. 
The test on C boiler, the first one undertaken, showed only 
one tube leaking slightly, and that was made tight in a few 
minutes. The men employed on this work were one boiler- 
maker and one water tender, with such help as could be used 
to advantage. About half the time the two men mentioned 
were alone on the job. The help was used principally for 
cleaning the tubes. 

From the experience gained in this work I am free to say 
that in case of emergency, such as might occur in action, where 
a boiler had been wholly disabled, that the working force o 
50 
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board could completely re-tube one boiler and have it in com. 
mission again in three days. This would allow time for re- 
newing headers as well as tubes, in case any of the headers 
should have been damaged. It would not be necessary to call 
for any help from shore, or any special mechanics, or any tools 
other than those habitually in use with the boilers. The 
tubes can be removed in this boiler, cleaned and examined 
externally and internally, and the same tubes replaced, giving 
one the assurance that every tube in the boiler is properly 
cared for and sound. This, together with the comfortable 
feeling that one can depend on the continued service of the 
boilers, without the probability of failure when it is most im- 
portant that they be kept going at full power, are strong and 
effective arguments in favor of this boiler. 

I desire to say a word which has been repeated by every 
engineer who has had experience with Niclausse boilers and 
with whom I have talked, that is: ‘‘ Before having had prac- 
tical experience and been in contact with them, I looked 
questioningly at the multitude of cone joints. I am now 
convinced that they are one of the best points in the design 
of the boiler.” 

The brick work and casings of the boilers have not suffered 
to any appreciable extent. It has been necessary to rebuild 
portions of the side walls, but no metal work on sides or back 
has been necessary ; the casing is as tight now as ever, and is 
not warped. The only trouble in this respect was with the door 
liners, and this was confined to the cast-iron arch. Aftera very 
little use with anything more than easy firing, these arches 
began to droop, interfering seriously with the firing. While 
at the Norfolk yard last spring the design of the arch was 
changed ; this also involved some change in the lintel which 
helps to support the headers. The new work is protected to 
some extent by being hollow, with a provision for air circula- 
tion, and has stood well for a much longer period than in the 
case of the old castings. 

In view of the fact that a recent inspection of the water 
side of these boilers showed the surface of the metal to be 
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absolutely free from pits, rust spots, or scale, and in perfect 
condition, a description of the method employed for testing 
water during the past two years might be of interest. 

The litmus-paper test for acidity was found unsatisfactory, 


and at the suggestion of Mr. J. M. Cratty, chemist in the 


Navy Yard, Norfolk, phenolphthalein, a well known indicator 
in chemical analysis, was tried. 

Half the amount that can be put on a ten cent piece, dis- 
solved in 50 c.c. of alcohol, would be sufficient to last a ship 
for a year. 

A drop of the solution in a test tube of the water to be tried 
will turn the whole red, if it is alkaline; but if the water is 
acid it will show no change in color. 

The red color was generally found, but when this was not 
the case a small amount of soda added to the water in the 
boiler was sufficient to neutralize the acid. 

In practice it would be advisable to have a solution of soda 
of such strength that a certain quantity, say one-half c.c., 
would have the same effect upon an ounce of water as a 
pound of soda would have on a thousand gallons. In this 
way the amount of soda required for any boiler could be 
readily determined. 

A simple quantitative analysis for determining the chlorides 
in the boiler water hasalso been used. With a condenser ever so 
tight a small amount of salt will creep into the boilers after a 
time. When it is necessary to pump out a boiler for any pur- 
pose it is well to know if the water is good enough to use over, 
as feed water, or not. The hydrometer will not show this, 
but a small outfit with which to perform a simple chemical 
analysis will tell. Required are the following: A measure in 
ounces or c.c.; one burette, or dropper, graduated, preferably 
in c.c.; a standard solution of nitrate of silver; a solution of 
potassium chromate as an indicator; a white china dish or cup 
(an ordinary teacup will answer). 

Have a solution of nitrate of silver of such strength that one 
c.c. of it will “kill” or react with one per cent. as much salt 
as is found in one ounce of ordinary sea water. As an illus- 
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tration, take one ounce of water from a boiler, place it in the 
cup, add a few drops of potassium chromate, which will give it 
a yellow color, and drop in slowly the standard solution of 
nitrate of silver. The water is to be kept stirred more or less 
according as the silver is dropped rapidly or slowly. A red 
spot will appear where the silver drops, but will at once dissi- 
pate until, say, 2} c.c. of silver solution have been added, when 
the whole quantity of water will turn a dark red. The result 
of this test shows that there is 2} per cent. as much salt in the 
water tested as would be in the same quantity of sea water. 
With a hydrometer this water would show no concentration. 
In the above case the water might well be used as feed water, 
but if the percentage were as much as four or five, it has been 
the custom to pump it overboard. 

The outfit required for these two simple tests is not expen- 
sive, and could be readily supplied by the chemical laboratory 
at the Navy Yard. Such an outfit should be added to the 
allowance for steam engineering of every ship. 

The standard solution of nitrate of silver can be made by 
dissolving 28 grams of crystals in one liter of pure water. The 
alcohol for dissolving the phenolphthalein must be neither 
acid nor alkaline for delicate tests. It will generally be found 
slightly acid, but this can be corrected by adding a small 
amount of caustic soda. 

RECENT PERFORMANCE. 

The above article was written in June of this year, and until 
August 14 there was no opportunity to test the effect of the 
work done in cleaning the fire side of the tubes. On that date 
a full-power trial of four hours duration was run. The coal 
used was good, but it is thought to have been no better than 
that used during a similar run in April. The following ex- 
tracts from the record of these two runs show the results 
obtained : 


April 15. August 14. 
Collective I.H.P. for main and auxiliary machinery...... 2,476 2,767.6 
per square foot of grate........... seers. 29.2 26.5 


NICLAUSSE BOILERS ON THE U. S. S. NEVADA. 753 


The engines made an average of 194.7 revolutions for the 
four hours, working up from 140 revolutions at the time the 
record began. The last two hours the revolutions were 198 
per minute. Much more steam could have been easily sup- 
plied by the boilers, and more could have been used by the 
engines, but the reducing valves in the main steam line would 
not permit of its passage. When this performance is compared 
with the trial record of the ship it will be seen that the boilers 
are still able to supply the demands of the engines, although 
they develop a great deal more power, owing to foul bottom 
and increased displacement. 
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U. S. S. CHARLESTON. 
DESCRIPTION AND OFFICIAL TRIAL. 


By LIEUTENANT M. E. REED, U. S. NAvy, MEMBER. 


The Charleston (Protected Cruiser No. 22), built by the 
Newport News Shipbuilding and Drydock Company, New- 
port News, Virginia, is one of the three twin screw, protected 
cruisers authorized by Congress in an Act approved June 7, 
1900, and is the first of this class to have her trials. The other 
two sister vessels are the .S¢. Zouzs and the Milwaukee, building, 
respectively, at Neafie & Levy Ship and Engine Building 
Company’s Works, Philadelphia, Pa., and at Union Iron 
Works, San Francisco, Cal. 

The contract for the Charleston, signed March 30, 1901, 
provided for delivery of the completed vessel within thirty- 
six (36) months from that date; that is, on or before March 
30, 1904. ‘This time limit was extended by the Department, 
however, first on November 11, 1903, for a period of twelve 
(12) months, to March 30, 1905; second on September 1, 1904, 
for a period of two (2) months and fifteen (15) days, to June 9g, 
1905, the time from the expiration of this last extension to the 
final delivery of the vessel to the Government being still sub- 
ject to adjustment by the Department. With these settled 
extensions a total allowed time before delivery accrued amount- 
ing to fifty (50) months and fifteen (15) days. The usual time 
penalties for failure to complete the work within the contract 
time are stipulated in the contract. 

The total price to be paid for the vessel, exclusive of cer- 
tain portions of the armor, armament, etc., which are supplied 
by the Government, is two million seven hundred and forty 
thousand dollars ($2,740,000), of which one million two hun- 
dred and forty thousand dollars ($1,240,000) was allotted for 
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the building and complete installation of the machinery in 
readiness for service. 

The guaranteed speed of the Char/eston is 22 knots per hour 
maintained for four consecutive hours, on a mean draught of 22 
feet 6 inches, corresponding to a displacement of about 9,700 
tons. ‘The designed power to produce this speed is about 21,- 
000 collective indicated horsepower of propelling machinery 
at about 133 revolutions per minute of the main engines. 
Failure to reach the guaranteed speed of 22 knots under the 
stipulated trial conditions entailed penalties at the rate of 
fifty thousand dollars ($50,000) per quarter knot for speeds 
between 22 knots and 21} knots, and at the rate of one hun- 
dred thousand dollars ($100,000) per quarter knot for speeds 
between 21} knots and 21 knots. In case of failure to reach 
a speed of 21 knots it was optional with the Secretary of the 
Navy to reject the vessel or to accept her at a reduced price 
and on conditions to be agreed upon. 

The keel of the Charleston was laid January 30, 1902, ten 
months after the signing of the contract ; the hull was launched 
January 23, 1904, two years nine months and twenty-three 
days after the signing of the contract and one year eleven 
months and twenty-three days after the laying of the first 
keel plate. 


HULL DATA. 
Length between perpendiculars, feet 424 
of straight keel, feet and inches..............+ 352-9 
at L.W.L,. (22 feet 6 inches), feet......... 66 
molded, feet and inches.......... 65- I 
Depth, molded, main deck side at M. S., feet and inches.......... 40- OF 
upper deck side at M. S., feet and inches.......... 47- 64 
Draught, normal, mean, feet and inches............:ccscessesseeceeeeeeee 22- 6 
Displacement, mean load (empty bunkers), toms......s00..sseeseeeeee 9,148.2 
normal (22 feet 6 inches), 
full load (24 feet 7 inches), toms.........sssseeseseree + 10,839 
per inch at L.W.L,. (22 feet 6 inches), tons...... see 44.6 


* 650 tons coal, so tons reserve feed water. 
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Area of midship section to L.W.L., square feet 
L.W.L,. plane (22 feet 6 inches), square feet 
Wetted surface, square 
Center of gravity of L.W.L. plane aft of M. S., feet 
above bottom of keel, feet 
buoyancy above bottom of keel, feet and inches 
aft of M. S., feet 
Transverse metacenter above center of buoyancy, feet and inches, 12- 8} 
Longitudinal metacenter above center of buoyancy, ft. and ins.. 507- 6 
Coefficient of fineness, block 


cylindrical 
Number of frames 


Masts and Spars.—There are two steel military masts, the 
foremast located at frame 31, and the mainmast at frame 80, 
each fitted with a lower and an upper military top, a search- 
light platform, spar topmast and signal yard. On the fore- 
mast, above the signal yard, is a lookout station fitted with 
guard rails and having speaking-tube connections to the deck 
below. On the mainmast is a small gaff for ensign hoist, etc., 
and this mast is also fitted for wireless telegraphy. 

Decks and Bridges.—The flying bridge, 60 feet in length, 
extends across the ship at frames 32-33-34, the wings being 
six feet in width. Around the foremast is an extension on 
which are located steering wheel, helm and revolution indi- 
cators, engine telegraphs, whistle and siren pulls, voice-tube 
stand, all necessary means of communication and instruments 
for the purposes of navigation. A searchlight is located on 
each wing of this bridge, with control stands for electric night 
signals and for truck lights on the port and starboard wings, 
respectively. Near the mast is a small ammunition winch for 
hoisting to the tops. 

The forward bridge is in the form of a triangle, the forward 
angle being rounded off, corresponding in plan to the forward 
part of the upper deck. This bridge is arranged for use in 
bad weather, with a protected conning and steering station 
having a curved front with sliding windows and doorless 
openings at the sides. This station encloses a set of naviga- 


watertight compartments. 183 
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tional accessories similar to those on the flying bridge. On 
this bridge is the chart house, fitted for the use of the navi- 
gator, with chart tables, cases for charts, instruments, etc., 
and having tightly-shuttered sliding windows arranged for 
screening lights during night work. Cage mounts are pro- 
vided on this bridge for two .30-caliber automatic and two 
.30-caliber machine guns. 

The after bridge, immediately above and corresponding in 
plan to the after end of the upper deck, is fitted for signaling 
and for wireless telegraph operations. There is a house 
amidships for this latter purpose, on the top of which are also 
mounted two searchlights. Four automatic .30-caliber guns 
are mounted on this bridge. 


HEIGHTS ABOVE L.W.L. (22 FEET 6 INCHES FORWARD AND 
AFT). 


(Designed 22 feet 6 inches W.L,. is 22 feet 43 inches above base line.) 


Masts, fore and main, top of truck light, feet and inches 
Rangeing platform, floor (‘‘crow’snest,’’ forward), feetand inches.. 90-10,'; 
Upper military top, floor, both,* feet and 67- oF; 
Lower military top, floor, both,* feet and inches 
Searchlight platforms, both, feet and inches 
Flying bridge at C. L., frame 34, feet and inches 
at side, frame 34, feet and inches 
above main deck, feet and inches 
Forward bridge at side, frame 34, feet and inches 
After bridge at side, frame 80, feet and 00008 
Upper deck at side, M. S., frame 57, feet and inches..............sss00 
Flat armor deck, top, feet and inches 
Main deck planking at stem, top, feet and inches 
stern, top, feet and inches 
Waist plate at stem, top, feet and inches 
Beading at stern, top, feet and inches 
Wireless telegraph station, top, feet and inches.............. 
Smoke pipes, top, feet and inches 
Axes of 6-inch guns, gun deck, feet and inches 
main deck, feet and inches 


The upper deck extends from frame 28 forward to frame 87 
aft, being cut away at the corners to give greater arc of fire to 
the 6-inch guns forward and aft, and at the sides near the cor- 


* Depth of military tops, 2 feet 6 inches. 
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ners to give direct ahead and astern fire, respectively, to the 
two pairs of main-deck 6-inch guns forward and aft. Except 
under the bridges, where hammock nettings are fitted, the rail 
of this deck is clear, and is fitted only with stanchions and life 
lines. A day cabin for the commanding officer is built on this 
deck under the forward bridge, corresponding in size to the 
chart house above it, and fitted with bunk, settee, lockers and 
toilet stand. The boats, except two life boats, are stowed on 
this deck when at sea, in chocks and cradles at the eight posi- 
tions convenient for handling by the four boat cranes when 
swung to their extreme forward and extreme aft train. 


Handled by —— crane Weight, pounds, in 


Type. — Location. in —— position. service, with crew. 
Steam cutter, 36-foot. s. 1o-ton, S., aft. 16,961 
Steam cutter, 33-foot. P. 10-ton, P., forward. 14,436 
Sailing launch, 36-foot. Io-ton, P., aft. 9,954 
Sailing launch, 33-foot. Ss. 1o-ton, S., forward. 8,471 
Cutter, . 30-foot. s. 3-ton, S., forward. 5,625 
Cutter, 30-foot. P. 3-ton, P., forward. 5,625 
Cutter, 26-foot. Ss. 3-ton, S., forward. 4,447 
Cutter, 26-foot. P. 3-ton, P., forward. 4,447 
Cutter, 26-foot. Ss. 3-ton, S., aft. 4,447 
Cutter, 26-foot. P. 3-ton, P., aft. 4,447 
Cutter, 26-foot. Ss. 1o-ton, S., forward. 4,447 
Cutter, 26-foot. Ps to-ton, P., aft. 4,447 
Whaleboat, 30-foot. Ss. On sea davits. 4,802 
Whaleboat, 30-foot. P. On sea davits. 4,802 
Whaleboat (gig), 30-foot. Ss. 3-ton, S., aft. 4,471 
Dinghy, 20-foot. Ss. 3-ton, S., aft. 2,080 
Dinghy, 20-foot. P, 3-ton, P., aft. 2,080 
Dinghy, 14-foot. Ss. 3-ton, S., aft. 1,325 
Punt, 14-foot. Ss. 3-ton, S., forward. 700 (about). 
Punt, 14-foot. P. 3-ton, P., forward. 700 (about). 


The engine-room and fireroom hatch enclosures and all 
other trunks or companion ways end at the upper deck with 
suitable coamings, gratings and skylights or canopies. 

In connection with the lower compartments there are on 
this deck : eight fireroom ventilators, in pairs, port and star- 
board, at frames 39, 48, 56, 65; four engine-room ventilators, 
in pairs, port and starboard, at frame spaces 72-73, 81-82 ; two 
galley ventilators, port and starboard, at frame space 53-54; 
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and three small ventilators for air supply to small electric 
blowers. All ventilators for natural ventilation are fitted with 
rotating cowl heads. 

Four smoke pipes, each connected with four main boilers, 
rise 100 feet from the base line of the ship and about 52 feet 
6inches from the upper deck. The outside diameter of smoke 
pipes is 8 feet 6 inches. 

Four electrically-operated boat cranes are placed on this 
deck, their heels being stepped on the second (gun) deck below. 
The forward pair, at frame space 47-48, port and starboard, 
are designed for 3 tons dead-lift capacity; the after pair, at 
frame space 66-67, port and starboard, being designed for 10 
tons dead-lift capacity. The boat-hoist duty of these cranes 
has been shown in boat table, and their motors will be referred 
to elsewhere. 

Four electrically-operated deck winches for coaling and 
general duty are located on this deck, in pairs, port and star- 
board, at frame space 44-45 and 67-68. 

Two electrically-operated ammunition-hoist winches for hoist- 
ing to the tops are located, one below the after side of the for- 
ward bridge and one below the forward side of the after bridge. 

Twelve 3-inch R. F. guns are mounted on this deck, in pairs, 
port and starboard, at frames 28, 31, 45, 69, 82, 86, on regula- 
tion cage mounts; two I-pounder R. F. guns, port and star- 
board, at frame 36; and two automatic .30-caliber guns, port 
and starboard, at frame space 78-79. 

A horizontal, cvlindrical fresh-water tank of 2,000 gallons 
capacity is located on this deck, having a dividing diaphragm 
fitted at its midlength, separating the tank into two equal 
compartments, port and starboard, the axis of the tank being 
athwartships. This tank is piped for gravity supply to the 
galley, bakery and those lavatories and pantries below which 
are not supplied by separate tanks, and is fitted with locked 
manhole plates, water glasses and overflow vents. 

The mazn deck is the first of the continuous decks extending 
the whole length of the ship. Forward on this deck are the 
four deck openings of the hawse pipes for bower and sheet 
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chains, two riding bitts for anchor chains, a double-headed 
towing bitt amidships, four chain controllers with lever throw- 
outs, two anchor davits for handling the Navy-type anchors to 
the bill boards, bow stoppers, ring bolts, etc. 

In a covered pocket between the main and gun decks, and 
rising above the main deck to a level below the axis of the 
forward 6-inch gun, is located the anchor windlass, the chains 
passing to the wildcats through chain pipes in the forward 
side of this pocket. 

Leadsman’s platforms are located outside the rail at frame 
17, port and starboard. 

Two electrically-operated deck winches for anchor work, 
boat hoisting, coaling and general duty are located at frame 
26, port and starboard. 

Within the superstructure on the main deck is berthing 
space for the crew, hammock nettings being fitted throughout 
at sides where not in wake of battery, doors, etc. 

Aside from the trunks for ventilation, communication and 
access to lower compartments there are on this deck the fol- 
lowing : 

General mess issuing room, around foremast ; 

Bakery, forward of second smoke pipe, amidships ; 

Galleys, officers’ and crew’s, between second and third 
sinoke pipes ; 

Wash-deck gear room, port side, opposite fourth smoke 
pipe ; 

Bread room, starboard side, opposite fourth smoke pipe ; 

Paymaster’s office, forward side engine-room hatch ; 

Battalion lockers, after side engine-room hatch ; 

Executive officer’s office, after compartment, starboard side ; 

Navigator’s office, after compartment, port side. 

Aft, on the main deck, outside the superstructure, are the 
usual companionways, skylights and ventilating trunks; also 
one electrically-operated general-service winch at frame 94, 
amidships. 

Suitable warping and towing chocks, and double-headed 
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warping and towing bitts are distributed in convenient posi- 
tions, forward and aft, for warping and towing. 

The battery on this deck, six 6-inch guns and six 3-inch 
guns, is arranged as described under Armament. 

Boat davits are fitted for two 30-foot cutters and for two 20- 
foot dinghies abreast of forward end of superstructure, and for 
two 30-foot whale boats abreast of after end of superstructure, 
all in pairs, port and starboard. 

The gun deck is arranged as follows from forward : 

Crew’s shower baths ; 

Crew’s water closets ; 

Windlass engine and windlass compartment (pocket) ; 

Petty officers’ and machinists’ water closets ; 

Berthing spaces for crew ; 

Commissary’s issuing room, port ; 

Paymaster’s issuing room, port ; 

Laundry, starboard ; 

Upper casemate, armored ; 

Armory, forward side engine-room hatch ; 

Officers’ lavatories, port ; 

Wardroom officers’ rooms, four starboard, two port ; 

Ordnance officer’s office, starboard ; 

Wardroom mess room, athwartships ; 

Captain’s office, pantry, cabins (main and after), state- 
rooms (two) and baths (two). 

On this deck are eight 6-inch guns, twelve 3-inch guns and 
two 1-pounder R.F. guns arranged as described under Arma- 
ment, 

The derth deck is arranged as follows: 

Lamp room, paint room (port), oil room (starboard), prisons 
(two), all in forward compartment ; , 

Master-at-arms’ room (port), band room (starboard), sergeant 
of marines’ room (port), isolation ward (starboard), crew’s 
berthing space, all in second compartment ; _ 

Crew’s berthing space, chain lockers, in third compartment ; 

Sick bay, sick-bay bath room (port), dispensary (starboard), 
operating room (starboard), all in fourth compartment ; 


4 

= 

a 

a 


762 U. S. S. CHARLESTON. 


Chief machinists’ quarters and lavatory (port), chief petty 
officers’ quarters and lavatory (starboard), crew’s berthing 
space, all in fifth compartment ; 

Coal bunkers B-1o1, B-1o5, B-111, B-115 (starboard), 
B-102, B—106, B—110, B-r114 (port), blacksmith shop (forward 
end of first uptakes), firemen’s wash rooms (three, amidships, 
forward and after end of second uptakes and forward end of 
third uptakes), evaporator room, distillers in trunk above (be- 
tween third and fourth uptakes), servants’ wash room (after 
end of fourth uptakes), general work shop (port), refrigerating 
rooms (starboard), engineer’s office (central, forward end of 
engine-room hatch), ice-machine room (starboard), ordnance, 
navigator’s, warrant officers’ storerooms (three, port), ward- 
room, marines’, junior officers’ storerooms (three, starboard), 
warrant officers’ pantry (port), junior officers’ pantry (star- 
board), all within the lower armored casemate, sixth compart- 
ment. 

Warrant officers’ quarters, mess room and five rooms (port), 
and one additional room (starboard), junior officers’ quarters, 
mess room and four rooms (starboard), all in seventh com- 
partment ; 

Wardroom rooms (six port and six starboard), in eighth com- 
partment ; 

Captain’s storerooms (two, port and starboard), blower room 
(right aft), in ninth compartment. 

Electrically-operated ventilating blowers are located on this 
deck, as described under lentz/ation. 

The protective deck extends throughout the length of the 
vessel, being flat amidships and sloping downward to the 
sides and ends below the water line. The deck level corre- 
sponds with that of the berth deck, the spaces between the 
two decks at the sides and ends of the vessel being utilized 
for stores appropriate to the berth-deck spaces over them. 
The coal bunkers mentioned under the heading berth deck 
extend to the protective deck and are in communication with 
the lower bunkers under them by suitable doors in the pro- 
tective deck. 
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The upper platforms are directly below the protective deck 
and are arranged for stores, magazines, ammunition passages, 
steering gear, etc. From frame 7, forward, these compart- 
ments are, in order, as follows: 

General stores ; 

Bread room ; 

Ordnance storeroom (port) ; 

Comnnissary’s storeroom (port) ; 

Paymaster’s storerooms (two, port) ; 

6-inch magazines (two, port and starboard) ; 

Communicating room (central) ; 

6-inch shell rooms (two, port and starboard) ; 

Upper dynamo room (central) ; 

Ammunition passages (two, port and starboard through boiler 
spaces, then one, central, through engine space) ; 

6-inch shell room (port) ; 

6-inch magazine (starboard) ; 

6-inch magazine (athwartships) ; 

Steering-engine room ; 

Steering-gear room. 

The lower platforms are next below the upper platforms 
and are also arranged for stores, magazines, etc. Between 
fraines 13 and 30, forward, are: 

Construction storerooms (two port and three starboard) ; 

Equipment storeroom (port) ; 

6-inch magazine (athwartships) ; 

3-inch magazine (port); 

3-pounder and 1-pounder ammunition room (starboard) ; 

Small arms ammunition room (starboard) ; 

Between frames 833 and 99, aft, are: 

Engineers’ storerooms (two, port and starboard) ; 

Small arms ammunition rooms (two, port and central) ; 

3-pounder and 1-pounder ammunition room (port) ; 

6-inch magazine (starboard) ; 

Dry-provisions rooms (two port, three starboard) ; 

Saluting-powder room (starboard) ; 

Sail room (port). 
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The hold is arranged as follows: 

Trimming tanks (two, first and second compartments) ; 

Store space, including fresh water tanks (third compartment) ; 

3-inch magazine (fourth compartment) ; 

Electrical storerooms (two, port and starboard) ; 

Lower dynamo room (central) ; 

Boiler rooms (four central, across center line) ; 

Coal bunkers B-s5, B-7, B—9, B—11 (starboard), B-—6, B-8, 

B-10, B-12 (port) ; 

Engine rooms (two, port and starboard) ; 

Shaft alleys (two, port and starboard) ; 

Engineers’ storerooms (two, port and starboard) ; 

3-inch magazine (central) ; 

Water tanks (athwartships) ; 

Trimming tanks (two, after compartments). 

The double-bottom compartments are described hereafter 
under watertight compartments. 

Framing.—All hull material not otherwise specified will be 
of mild steel of domestic manufacture. 

The longitudinal framing consists of a vertical keel, five 
longitudinals on each side of this keel and below the protec- 
tive deck, one stringer each side behind the armor about mid- 
way between protective and berth deck, and bilge keels at the 
fourth longitudinals (port and starboard). The vertical keel 
is 39 inches in depth except forward of frame 7 and abaft 
frame 102, where it tapers to its connection with the stem and 
stern post, and is continuous throughout. The plating of this 
keel is 20 pounds per square foot from frame 23 to frame 84 
and 17} pounds forward of frame 23 and aft of frame 84. 
The keel is not made watertight except within the space de- 
voted to reserve fresh water where the compartments are 
divided, port and starboard, all other midship compartments 
extending across the center line so far as watertightness is 
concerned. Lightening holes are cut in the vertical keel for- 
ward and abaft the limits of the double bottoms. The Jongz- 
tudinals are continuous throughout the double bottoms and 
are carried as far to the ends of the vessel as consistent with 
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good work. Within the limits of the double bottoms they are 
of 174-pound plate, and beyond this limit they are of 15-pound 
plate. The third longitudinal only, port and starboard, is 
made watertight, the others being pierced with lightening 
holes, drainage holes being provided to allow water to flow to 
the lowest pockets of compartments. The s¢rimger behind ar- 
mor is worked with 15-pound plates between frames and with 
a continuous Z-bar 6 inches by 3 inches by 3 inches across the 
inside of the frames. It extends forward to the stem, where 
it forms a breast hook, and aft as far as possible. The dzige 
keels are composed of two 15-pound plates about ‘24 inches in 
width forming a sharp V section, the inner space of which is 
filled in with yellow pine, and the outer edges of which are 
finished and stiffened by 24-inch half-round bars, one on each 
side of the seam. ‘These keels extend about 200 feet amid- 
ships and are secured to the outside plating over the fourth 
longitudinal. The stem is of cast steel, in two pieces, scarfed 
at about the normal load line and fitted to receive the outside 
plating, keel plates, deck and breast-hook connections. The 
sternpost is also of cast steel, fitted to receive plating, keel 
plates, etc., and for carrying the rudder. Provision is made 
for tiller-post stuffing box, packing and gland, hardover stops 
for rudder, and bushed lug for rudder pintle. 

The ¢ransverse frames, 113 in number, are spaced 3 feet 
6 inches apart from the stem to frame 35 and from frame 84 
to the stern. Between frames 35 and 84, the boundaries of the 
boiler and machinery spaces, the frames are spaced 4 feet apart. 
In all cases intermediate frames are worked where required for 
additional strength or stiffness. The framing of the super- 
structure above the line of the main deck is not continuous 
with the structure below, but is secured to the main-deck 
plating by bracket plates. 

Plating.—In general, all outside bottom plating, below the 
line of the protective deck, is raised and sunken, with lapped 
butts, except where doubled. This plating is of 23 pounds 
per square foot for a distance of about 200 feet amidships and 
is reduced to 20 pounds at the ends in two reductions. The 
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outside topside plating, above the line of the protective deck, 
is worked flush and is of 30 pounds per square foot behind 
armor diminishing to 20 pounds at the ends in five reductions. 
The flat keel plates are worked flush in two thicknesses, the 
inner plate of 23 pounds per square foot reduced at the forward 
end to 20 pounds, and the outer plate of 25 pounds per square 
foot reduced at the forward end to 22 pounds, the reduction 
of these plates forward being made in two steps. 

Watertight Compartments.—There are 183 watertight com- 
partments, of which 120 are below and 63 are above the pro- 
tective deck: 

Of those below the protective deck B-1, B-2, B—3, B-4 are 
boiler compartments; C-1, C-2 are engine compartments ; 
D-2, D-3 are shaft-alley compartments; D-4, D-s5, D-12, 
D-13 are engineer storerooms; B-73 to B—gg, inclusive, are 
double-bottom compartments under boiler rooms (of which 
B-73 to B-88, inclusive, are wing compartments under coal _ 
bunkers and outboard sides of boiler rooms); B-89 to B—g3, 
inclusive, are central compartments extending between the 
third longitudinals, port and starboard, and non-watertight at 
center line; B-—94, B—95, B—96, B—97, B—98, B-g9 are alter- 
nate port and starboard compartments fitted for reserve /eed- 
water tanks, the entrance manholes being in the after two 
firerooms and of the high-coaming type); C~g1 to C-g9, in- 
clusive, are double-bottom compartments under engine rooms ; 
B-5, B-6, B—7, B-8, B-9, B-10, B-11, B-12 are lower coal 
bunkers abreast of boiler rooms. 

Of those above the protective deck B-100 contains the 
hatch enclosures and passages for the forward two boiler 
rooms ; B-109 contains the hatch enclosures and passages for 
the after two boiler rooms and includes the evaporator room ; 
B-101, B—102, B-105, B-106, B-110, B-111, B—114, B-115 
are upper coal bunkers over boiler rooms ; C—106 contains the 
engine-hatch enclosure ; that portion of C—100 below the berth- 
deck level between frames 68 and 79 at port side is assigned 
as additional space for engineering stores and is reached 
through scuttles in the machine shop and ordnance store- 
room. 
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COAL-BUNKER CAPACITIES. 


(Measured to 6 inches below bulb of deck beams, at 43 cubic feet per ton.) 


Bunkers in hold. Cubic feet. Tons. 

B- 5 3,417 79-5 

6 3,417 79-5 

7 45795 

8 45795 III.5 

9 5,296 123.2 

B-10 5,296 123.2 

B-11 126.2 
B-12 59427 126.2 


Bunkers above protective deck. 
B-101 4,426 102.9 
B-102 4,426 102.9 
B-105 4,306 100.1 
B-106 4,306 100.1 
B-110 45399 102.3 
B-1II 45399 102.3 
B-114 4,285 99-7 


B-115 4,285 99. 
Io 


Total, 72,702 1,690.8 


DOUBLE-BOTTOM AND RESERVE-FEED WATER-TANK 
CAPACITIES. 


Compart- Salt water, Fresh water, 
ment. Gallons. tons. tons. 


A-97 7,622.12 29.11 28.29 
A-98 18,535.34 70.79 68.8 

A-99 11,738.79 ‘ 52-46 
B-89 14,3738 ; 64.24 
B-go 11,751.86 : 52.52 
B-9gI 11,950.2 83, 53-4 

B-9g2 12,122.38 54-17 
B-93 12,205.2 54-54 
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Compart- Salt water, Fresh water, 
ment. Gallons. tons. tors. 


B—94 (Reserve feed) 6,115.68 28.06 27-33 
B-g5 (Reserve feed) 6,115.68 28.06 27-33 
B-96 (Reserve feed) 6,085.16 27.92 27.19 
B-97 (Reserve feed) 6,085.16 27.92 27.19 
B—98 (Reserve feed) 7,519.28 34.5 33-6 

B—g9 (Reserve feed) 7,519.28—————34.5, 33-6 

39,440.24 180.96 176.24 

C-97 14,347-65 65.83 64.12 
C-98 13,506. 36 61.97 60.36 
C-99 12,811.1 58.78 57-25 
D-98 9372-44 35:8 34.8 

D-99 6,359.96 25.06 24.36 


Total, 196,137.54 868.48 845.56 


TRIMMING-TANK CAPACITIES. 


Salt water, Fresh water, 
Compartment. Gallons. tons. tons. 


A- 1, forward, 9,910.19 45-47 44.29 
A- 2,forward, 14,402.14 66.08 64.36 
D- 9, aft, 10,389.68 47-67 46.43 
D-10, aft, 12,011.25 55-11 53-68 


Total, 46,713.26 214.33 208.76 


FRESH-WATER TANK CAPACITIES. 
Compartment. Tank. Gallons, 
A-3 13-15, Port, 816 
A-3 13-15, Starboard, 816 
A-3 16-18, Port, 1,484 
A-3 16-18, Starboard, 1,484 
A-3 19-20, Port, 1,535 
A-3 19-20, Starboard, 1,535 
D-8 Port, 1,182 
D-8 Starboard, 1,182 
Upper deck, Port gravity, 1,000 
Upper deck, Starboard gravity, 1,000 


Total, 12,034 


| 
Tons, 
3-04 
3-04 
5-53 
5-53 
5-73 
5-73 
4-41 
4-41 
3-71 1 
3-71 
44.84 
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Coffer Dams.—A continuous coffer-dam belt about 30 inches 
wide extends the entire length of the ship at sides, from frame 
7 forward to frame 109 aft, occupying the space on the slope 
of the protective deck outboard and rising to the level of the 
berth deck. The compartments comprised in this belt are: 
A-IOI, —1I04, -105, —108, —-109, -II2, —116, —I17; 
B-103, —104, —107, —108, —112, —113, —116, -117; C—102, -103, 
-104, -105; D-102, —103, —106, —107, —I09, —110. 

After the preliminary trials of the vessel these coffer dams 
are to be packed with suitable fire-proofed, corn-pith cellulose 
having the compressed surfaces laid in the horizontal plane. 

Armor and Protection.—On the 20-pound plating of the 
protective deck are worked nickel-steel plates 14 inches thick 
on the flats and 2} inches thick on the slopes, giving a total 
thickness of 2 inches on the flats and 3 inches on the slopes. 
All hatches and openings through the protective deck are 
fitted with shutters of the same thickness as the deck, or with 
armor bars of approved strength. 

The main-belt side armor extends between frames 35 wel 
84, a distance of 196 feet, abreast of the boiler and engine 
compartments. This belt is 4 inches in thickness and 7 feet 
6 inches in height, of which 3 feet 5 inches is above the 22 
feet 6 inches load water line. The upper edge of this belt 
reaches to the berth-deck level, the athwartships triangular 
spaces between the protective deck and berth deck at the ends 
of the side armor being filled in with 3-inch armor. 

The Jower casemate, extending from berth deck to gun- 
deck level, corresponds in thickness and area to the main side- 
armor belt, the side armor being 4 inches thick, and the 
athwartships armor at ends being 3 inches thick. 

The upper casemate extends from gun deck to’ main-deck 
level, and, like the lower casemate, is composed of 4-inch side 
armor and 3-inch athwartship armor at ends. The length of 
this casemate is only 128 feet, however, as compared with the 
196 feet of the lower casemate and main belt, extending only 
between frames 41 and 73 with an extension of the side armor 
at the corners over the next frame space forward and aft, © 
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making the sides 136 feet in length. The after athwartships 

armor of this casemate coincides with the forward end of 
engine-room hatch at that level, while the forward athwart- 
ships armor coincides with the after side of the uptake en- 
closure for the forward group of boilers at that level. The 
upper casemate encloses the eight 6-inch gun positions on the 
gun deck, the gun positions being separated by 2-inch nickel- 
steel splinter bulkheads extending inboard about 15 feet from 
the side. 

An armored conning tower is located at frame 28, It is 
elliptical in shape with its long axis athwartships, and has its 
entrance at the rear protected by a concentric shield plate 
which gives an 18-inch access passage, having the same curve 
as the tower. The height of the conning tower is 7 feet 6 
inches and its axes are 6 feet and 8 feet, respectively. The 
thickness of both tower and shield plate is 5 inches. The top 
of the conning tower is covered by a 3-inch plate and of the 
access passage by a 3-inch sloped plate, the bottom plate, 2 
inches thick, being shaped to include the access passage and to 
support the shield plate. 

An armored tube, 30 inches inside diameter and 3 inches 
thick, is fitted from the floor of the conning tower to the pro- 
tective deck. It provides for the leads of voice pipes, wiring, 
etc., for the various conning-tower devices and also affords 
access to the conning tower from the communicating room; 
ladder rungs being fitted inside the tube for this purpose. 

Four sponsons of 4-inch armor give local protection to the 
four 6-inch gun positions at the corners of the superstructure 
on the main deck. The armor extends from the top of the 
upper casemate to the upper-deck level and is curved inward 
around the ‘gun positions to afford protection in a fore-and-aft 
direction. 

The twelve 3-inch gun positions on the gun deck outside of 
the upper casemate are protected by 3-inch nickel-steel Aort 
plates about 18 feet 6 inches long, extending over the space 
between the gun and upper decks. The forward and after 
6-inch gun positions, on main deck outside of superstructure, 
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aud the remainder of the secondary-battery positions not pre- 
viously mentioned, are not provided with armor protection. 
Armament.—The main battery consists of fourteen 6-inch 
rapid-fire rifles, 50 calibers in length. Two of these are 
mounted, one forward and one aft, on the main deck outside 
the superstructure, on the center line, at frames 23 and gr, 
respectively, each having a total are of train of 290 degrees. 
Four are mounted on the main deck in armored sponsons 
within the corners of the superstructure, with an arc of train 
of 90 degrees forward and 35 degrees abaft the beam for the 
forward pair and 35 degrees forward and go degrees abaft the 
beam for the after pair. The remaining eight are mounted 
on the gun deck within the upper casemate, in box battery, 
four on each broadside, with separating splinter bulkheads, as 
before mentioned ; the forward and after pairs of this arrange- 
ment are mounted in sponsons at the corners of the upper 
casemate directly below the corresponding pairs on the main 
deck, and have a total arc of train of 120 degrees, 85 forward 
and 35 abaft the beam for the forward pair, and 35 forward 
and 85 abaft the beam for the after pair ; the total arc of train 
of the second and third pairs of this arrangement is 112 de- 
grees, 77 forward and 35 abaft the beam for the second pair, 
and 35 forward and 77 abaft the beam for the third pair. The 
mean height of the axis of main-battery guns above the 22 
feet 6 inches L.W.L. is about 21 feet 9 inches for the main- 
deck battery and 14 feet 6 inches for the gun-deck battery. 
The secondary battery consists of eighteen 3-inch, rapid-fire 
guns 50 calibers in length ; twelve 3-pounder semi-automatic 
guns; four 1-pounder heavy automatic guns; eight 1-pounder 
heavy rapid-fire guns; two 3-inch field guns; two machine 
guns, .30-caliber; and eight automatic guns, .30-caliber. 
Twelve 3-inch guns are mounted on the gun deck, outboard, 
outside the upper casemate, in frame spaces 13-14, 23-24, 
31-32, forward, and 82-83, 91-92, 101-102, aft, in pairs, port 
and starboard. These twelve guns have 3-inch armor port- 
plates, as before mentioned. The remaining six 3-inch guns 
are mounted outboard on the main deck within the super- 
structure, at frame spaces 52-53, (on) 57, 61-62, in pairs, port 
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and starboard. These guns have no armor-port plates. The 
3-pounder guns are equally divided on each side of the vessel 
and so disposed in commanding positions as to give the largest 
are of fire without interference with each other or with the 
other guns of the battery. Under the original disposition of 
the battery two 1-pounder heavy automatic guns were to be . 
mounted in each lower military top, fore and main; two 1- 
pounder heavy R.F. guns in each upper military top, fore and 
main; two of the remaining four 1-pounder heavy R.F. guns 
aft on the gun deck ; and two 1-pounder heavy R.F. guns for- 
ward on the upper deck. A new disposition is now to be given 
to the guns formerly assigned to locations in the military tops 
in order to devote these tops to range-finding purposes. The 
field, automatic and machine guns have field-carriage mounts 
and cage-stand or rail-socket positions. 


BATTERY ARRANGEMENT AND TRAIN, 


MAIN BATTERY. 
Fourteen 6-inch, 50-caliber R. F. guns. 
Train, forward and 
Number. Location. abaft beam. 


Nos. rand 2. Gundeck, frame 44, S.andP., 85 ° fwd., 35 ° aft. 
Nos. 3and 4. Gundeck, frame 523,S.andP., 77 ° fwd., 35 ° aft. 
Nos. 5and 6. Gundeck, frame 614,S.and P., 35 ° fwd.,77 ° aft. 
Nos. 7and 8. Gundeck, frame 70, S.andP., 35 ° fwd., 85 ° aft. 
No. 9. Main deck, frame 23, central, ahead to 55° aft, P. 
and S. 
Nos. toand 11. Main deck, frame 44, P.andS., 90 ° fwd., 35 ° aft. 
Nos, 12 and 13. Maindeck, frame 70; P.andS., 35 ° fwd., go ° aft. 
No. 14. Main deck, frame g1, central, astern to 55° fwd., 


P. and §S. 
SECONDARY BATTERY. 


Eighteen 3-inch, 50-caliber, R. F. guns. 
Nos. rand 2. Gundeck, frame 133,S.and P., 90 ° fwd., 24 ° aft. 
Nos. 3and 4. Gundeck, frame 233,S.and P., 77 ° fwd., 43 ° aft. 


° ° 
Nos. 5and 6. Gundeck, frame 314, S.and P., 


fwd., 75 ° aft. 
Nos. 7and 8. Gundeck, frame 82, S. and P., 434° fwd., 733° aft. 


° 
Nos. gand io. Gundeck, frame grt}, S. and P., {aie 
Nos. 11and 12. Gundeck, frame 1o14,S.and P., 24 ° fwd., go ° aft. 
Nos. 13 and 14. Main deck, frame 524,S.and,P., 60 ° fwd., 60 ° aft. 
Nos. 15 and 16. Main deck, frame 57,S. and P., 60 ° fwd., 60 ° aft. 
Nos. 17 and 18. Main deck, frame 614,S.and P., 60 ° fwd., 60 ° aft. 
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Twelve 3-pounder, semi-automatic guns. 


Nos. rand 2. Upper deck, frame 28-29, S. and P. 
. 3and 4. Upper deck, frame 30-31, S. and P. 

. 5and 6. Upper deck, frame 45, S.andP. 
7and 8. Upper deck, frame 69, S.andP. 

Nos. gand to. Upper deck, frame 81-82, S. and P. 
Nos. 11 and 12. Upper deck, frame 86, S.andP. 


Twelve 1-pounder, heavy, R. F. guns. 


Nos. rand 2. Gundeck, frame rro},S.and P., after cabin. 
Nos. 3and 4. Upper deck, frame 36, S. and P. 

*Nos. 5 and 6. Forward lower military top. 

*Nos. 7and 8. After lower military top. 

*Nos. gand io. Forward upper military top. 

*Nos. 11 and 12. After upper military top. 


Eight .30-caliber Colt automatic guns. 


Nos. rand 2. Upper deck, frame 78-79, S. and P. 
Nos. 3and 4. Forward bridge, frame 29, S. and P. 
Nos. 5and 6. After bridge, frame 82, S. and P. 
Nos. 7and 8. After bridge, frame 85, S. and P. 


Two machine guns (Gatling), .30-caliber. 


Nos. 1and 2. Forward bridge, frame 31, S. and P. 
Two 3-inch field pieces. 
Nos. rand 2. Stowed on upper deck, frame 41-42, S. and P. 


Ammunition Hoists.—There are twenty-seven electrically- 
operated ammunition hoists fitted to furnish an adequate 
supply of ammunition to the battery. Frictional slip gears 
are provided between the electric motors and the hoists to 
prevent damage being done to either in case of sudden stoppage 
of the hoists. Stops are fitted to prevent ammunition falling 
back in the hoists, these stops being hinged to turn up out of 
the way when striking ammunition below. The motors are 
reversible and operate at about 1,000 R.P.M., all necessary 
theostats and switches being provided. Gear for operating 
the hoists by hand is also fitted. Ammunition for the guns 
in the fighting tops was to be whipped to the tops from the 
upper deck by electric whip hoists with specially-fitted swing- 
ing davits. 


* Guns marked (*) are subject to re-location on deck. 
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Ammunition is to be delivered at the following rates: 


For each 6-inch gun 
For each 3-inch gun 
For each 3-pdr. gun 


6 complete rounds every minute. 
15 complete rounds every minute. 
30 complete rounds every minute. 


For each I-pdr. R.F. gun 30 complete rounds every minute. 
For each 1-pdr. aut. gun 100 complete rounds every minute. 


Ammunition hoists, 6-inch, number and location: 


. 23-inch gun 
. 33-inch gun 
. 43-inch gun 
. § 3-inch gun 
. 63-inch gun 
. 73-inch gun ) 
. 83-inch gun 
. 93-inch gun 
. Io 3-inch gun 
. It 3-inch gun 
. 12 3-inch gun 
. 13 3-inch gun ) 
. 14 3-inch gun 
. 15 3-inch gun 
. 16 3-inch gun 


No. 
No. 


All 3-pdr. and 1-pdr. guns forward are supplied by hoists Nos, 6 and 7 on 
upper deck at frame 34, P. and S., those aft being supplied by hoists Nos. 


1 6-inch gun supplied by hoist No. 

. 26-inch gun supplied by hoist No. 
. 36-inch gun supplied by hoist No. 
46-inch gun supplied by hoist No. 

. 5 6-inch gun supplied by hoist No. 
6 6-inch gun supplied by hoist No. 

. 76-inch gun supplied by hoist No. 
8 6-inch gun supplied by hoist No. 

. 96-inch gun supplied by hoist No. 
1o 6-inch gun supplied by hoist No. 
11 6-inch gun supplied by hoist No. 

. 12 6-inch gun supplied by hoist No. 
. 13 6-inch gun supplied by hoist No. 
. 14 6-inch gun supplied by hoist No. 


I 3-inch gun | 


17 3-inch gun 
18 3-inch gun ) 


20 and 21, at frame 84, P. and S. 


It, gun deck, frame 47, S. 
to, gun deck, frame 47, P. 
13, gun deck, frame 57, S. 
12, gun deck, frame 57, P. 
15, gun deck, frame 58, S. 
14, gun deck, frame 58, P. 
19, gun deck, frame 67, S. 
18, gun deck, frame 67, P. 
4, main deck, frame 27, P. 
8, main deck, frame 41, P. 
9g, main deck, frame 41, S. 
16, main deck, frame 66, P. 
17, main deck, frame 66, S. 
25, main deck, frame 88 CL. 


supplied by hoist No. 1, gun deck, frame 23, S. 

| supplied by hoist No. 2, gun deck, frame 23, P. 

supplied by hoist No. 3, gun deck, frame 26, S. 
(these hoists near center line. ) 


supplied by hoist No. 24, gun deck, frame 87, C. 

| supplied by hoist No. 26, gun deck, frame 94, P. 

supplied by hoist No. 27, gun deck, frame 94, S. 
(these hoists on and near center line.) 


supplied by hoist No. 5, main deck, frame 29, P. 

supplied by hoist No. 22, main deck, frame 84, P. 

| supplied by hoist No. 23, main deck, frame 84, S. 
(these hoists near center line. ) 


; 
N 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No. 
No | 
No 
No 
No 
No 
| No 
No 
No 
No 
No 
| No 
No 
No 
No 
No 
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Ground Tackle.—'The following anchor equipment is supplied : 


Two bower anchors, Baldt type, weight (two) 23,875 pounds. 

One sheet anchor, Navy type, weight, 13,076 pounds. 

One stern anchor, Navy type, weight, 3,487 pounds, 

One stream anchor, Navy type, weight, 2,438 pounds. 

Two kedge anchors, Navy type, weight, 815 and 404 pounds. 

There are 360 fathoms of Navy type, 24-inch cable supplied, two bower 
chains, 120 fathoms each, and one sheet chain, 120 fathoms ; the total weight 
of these cables being 132,000 pounds. 


PROPELLING MACHINERY. 


There are two four-cylinder, vertical, inverted, direct-acting, 
triple-expansion propelling engines placed abreast, each in its 
own watertight compartment, separated by a center-line bulk- 
head, through which is a communicating watertight door. 
The engines are right-and-left and are arranged for inboard- 
turning propellers when going ahead. The designed power 
of these main engines is 21,000 I.H.P. at about 133 revolu- 
tions per minute, with a steam pressure of 250 pounds at the 
high-pressure valve chest. 

The main-engine cy/inders, four for each engine, consist of 
casings of cast iron, which include the valve chests, steam 
ports and passages, lower heads, brackets, tie-rod and support 
facings, and are machined for all necessary fittings. All cylin- 
ders and valve chests are fitted with working liners of hard, 
close-grained cast iron. The cylinder liners have bearings at 
both ends and at about mid-length, and are secured to the 
cylinder casings by countersunk screws through the bottom 
flanges, the casing being machined to take this lower seating 
of the liners. There is a composition gland at the top end of 
the liners fitted for packing between the liner and the casing, 
and which allows for expansion while making a tight joint at 
the end. The space between the liner and the casing forms a 
steam-jacket space for the barrel of the cylinder. These liners 
are bored to accurate dimensions after being fitted and while in 
their natural vertical position, and are counter-bored to give 
the piston-packing rings a short override at the ends of the 
working bore. The valve-chest liners have bearings at the 
ends, the liner for each valve chest being in two parts, and are 
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forced into place and secured by screws tapped half into the 
liners and half into the casings. The cy/inder covers are of 
cast iron, strongly ribbed, fitted with central manholes, man- 
hole plates and lagging covers, the I.P. and L.P. covers being 
fitted to be steam jacketed. The valve-chest covers’are of cast 
iron, strongly ribbed, the upper covers containing the balance 
piston cylinders and the lower covers being bored and faced 
to receive the valve-stem crosshead guides and stuffing boxes. 
The valve chests are arranged to draw the H.P. and I.P. 
valves from the top for examination and the L.P. valves from 
the bottom. 

The order of cylinders, beginning forward, is as follows: 
Forward low pressure, high pressure, intermediate pressure, 
after low pressure. The crank shafts are forged with the 
forward low-pressure crank and the high-pressure crank (which 
form the forward section of the complete crank shaft) opposite 
each other, and with the intermediate-pressure crank and the 
after low-pressure crank (which form the after section of the 
complete crank shaft) opposite each other, the first-mentioned 
pair being set at right angles to the last-mentioned pair. The 
crank sequence when the engines are going ahead is then: 
high-pressure, intermediate-pressure, forward low-pressure, 
after low-pressure, with a uniform angularity of 90 degrees 
apart. 

To provide for the framing and bracing of the main engines 
the four cylinders of each engine are supported on twelve forged 
nickel-steel cylindrical columns, having swells and facings for 
the athwartship and longitudinal braces and tie rods, and flanges 
at top and bottom for securing to the cylinders and bed plates. 
Athwartships, between each pair of front and back columns, 
is fitted an X-brace, with a horizontal tie rod through the 
center of the X, on which are lateral distance pieces. Longi- 
tudinal stiffness is provided by diagonal tie rods on the outside 
of columns, front and back, one from top of first to foot of third 
column, bolted at center boss of second, and a similar one for the 
fourth, fifth and sixth columns. On the inside of front columns 
at center is secured a horizontal fore-and-aft tie rod, having an 
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adjusting screw and sleeve at its midlength. On the inside of 
back columns at center is fitted a horizontal I-beam stiffener, 
to which the lower ends of the crosshead guides are secured. 
Additional stiffness is given to the engines by athwartship 
ties between pads on the cylinder bases of the two engines and 
by fore-and-aft ties secured to pads in the hull structure for- 
ward and abaft the engines. This arrangement gives a very 
stiff and rigid engine, as was shown by the severe test during 
the official trials. 

The engine ded plates, consisting of two longitudinal and 
six cross girders of I section, are of cast steel, three sections 
for each engine, bolted together’at flanges, and each section 
carrying. three main bearings. The bed plates rest on and are 
secured to the keelson plates provided in the hull structure. 
Proper facings and finishings are provided for flanges of engine 
columns, seatings for bearing brasses and caps, and for turning 
engine. 

All the mazn steam valves are of the single-ported piston 
type, with single cast-iron packing rings and steel followers. 
The H.P. valves are of cast iron; the I.P. and L.P. valves are 
built up with two heads of cast iron with a steel-tube distance 
piece between. The H.P. cylinder has one valve and the I.P. 
and each L.P. cylinder two each. There is a steam piston at 
the top of each valve stem, working in a short cylinder in the 
valve-chest cover, which is so designed as to relieve a part of 
the weight of the valve gear. The H.P. and I.P. balance 
pistons are 7 inches in diameter and the L.P. 9 inches in 
diameter. Steam is taken on the inside of the H.P. valves 
and on the outside of the I.P. and L.P. valves. 

The valve gear is of the Stephenson type with double-bar 
forged-steel links, the H.P. valve stem of each engine being 
connected directly to its link block while the pairs of I.P. and 
L.P. valve stems for their respective cylinders are connected 
by a crosshead. 

The maneuvering of the engines is controlled by a steam 
reversing engine for each, of the floating-lever type, the piston 
rod of which is connected to the reverse shaft carried on the 
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front engine columns, and also carries a control piston in an 
oil cylinder giving steadiness of motion and allowing for hand 
operation by means of an oil pump. Independent cut-off blocks 
are fitted, one for each link, in the arm of the reverse shaft, 
giving a range of independently adjustable cut-off from .5 to 
about .73 of the stroke. 

All main-engine cylinders are steam jacketed around the 
working liners, and the I.P. and L.P. cylinders are also jack- 
eted at the ends. Live steam from the main steam pipe on 
the boiler side of the engine stop valves is led through the 
H.P. jackets and thence through the I.P. and L.P. jackets, 
with suitable reducing and safety valves. 

Each engine is fitted with a balanced ¢hrottle valve having 
a clear opening equal to 13 inches in diameter, the balance 
being accomplished by a piston working in a cylinder cast in 
the valve casing. 

The fzstons are conical in shape, the H.P. being of cast iron 
and the I.P.and L.P. of cast steel. The H.P. and I.P. pistons 
are each fitted with one hard cast-iron packing ring 2} inches 
wide and 1 inch thick, arranged for limited expansion and set 
out by seven U-shaped springs in the joint. ‘There are also 
eighteen double-ended, flat-looped springs for setting out each 
H.P. packing ring, thirty-three for each I.P. ring and thirty- 
nine for each double L.P. ring. The L.P. pistons are each 
fitted with two rings 1} inches by 1 inch, each separated by di- 
agonal cuts into eight sections. Composition tongue pieces, set 
in flush, cover these cuts between the sections and the sections 
of one ring break joint with those of the other, dowels pre- 
venting independent rotation of one ring on the other. 

The follower rings of all pistons are of cast steel, secured to 
the piston body on square-shouldered studs by nuts and split 
pins. All pistons have 14}-inch bosses with outside threads 
for lifting and handling, and are taper-bored to receive the 
piston-rod end, setting up against a filleted collar on the rod, 
and secured from turning by a dowel in the rod. ‘The piston 
rod is threaded beyond the face of the piston boss and a cy]l- 
indrical nut, slotted for a spanner, sets up against the boss face 
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and is locked by a ring with tongues corresponding to the 
slots in the nut which slips over the nut and is bolted to the 
boss face. 

The piston rods are hollow, of nickel-steel, oil-tempered and 
annealed, accurately ground and polished to 8 inches outside 
diameter, the axial hole being 4 inches in diameter for the 
H.P. and I.P. rods and 5 inches for the L.P. rods, except at 
the crosshead ends where it tapers to 1} inches for the H.P. 
and I.P. and 1? inches for the L.P. rods respectively. 

The crossheads are of forged steel, taper-bored to receive the 
piston rod, and machined for the crosshead slipper of cast steel 
which is bolted to the flanged lug of each. The piston rod is 
threaded at the end beyond the face of the crosshead, and a 
cylindrical nut, slotted for a spanner, sets up against the bottom 
face of the crosshead. The crosshead pins extend on each 
side of the crosshead, being forged in one piece with it, are 
taper-bored from ends to center of crosshead, and have a 
2-inch flat on the sides. 

The crosshead guides are of cast iron, hollow for the circu- 
lation of water, and are secured by their bottom ends to the 
strongbacks on the back engine columns and at their tops to 
lugs on the cylinder casings. They are machined with side 
flanges to which the L-shaped backing guides are bolted. 

The connecting rods are of nickel-steel, oil-tempered and 
annealed, having a 4-inch axial hole for the H.P. and I.P. rods 
and a 5-inch hole for the L.P. rods. The upper end is forked 
to span the crosshead and the ends of the fork are machined 
to take the crosshead brasses which are bolted to them with 
two boltseach. The lower end is machined to take the crank- 
pin brasses, which are bolted to it with two bolts, the bottom 
brass being backed by a machined, forged, flat-steel cap. 

The eccentrics are made in two parts, the thin section of 
forged steel and the thick section of cast iron. These are 
accurately fitted together and secured by two 2-inch bolts. 
After being fitted to their seating they are turned on the out- 
side to a uniform eccentricity of 5inches. The backing eccen- 
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tric of each pair is keyed to the shaft and the go-ahead 
eccentric is bolted to the backing eccentric by two through 
bolts in elongated holes, the holes being filled in solid after 
setting the eccentrics to prevent displacement. 

The eccentric straps are of composition, lined with white 
metal, accurately fitted to the eccentrics. 

The eccentric rods are of nickel-steel, having T heads at the 
lower ends for securing to the eccentric straps and forked-top 
ends to span the main links at the link pins, adjustable brasses 
being fitted for these pins. 

The main links are nickel-steel curved bars, having the pins 
for suspension rods and eccentric rods forged on. Each pair 
of bars is securely bolted together at the ends. and the ahead 
half of the link is divided into ten equal divisiuns, from o, the 
mid-position, to 10, full gear. 

The main link blocks are of nickel-steel forgings, fitted with 
jaws at the ends to span the bars of the links, these jaws being 
provided with adjustable composition gibs conforming to the 
curve of the links. 

All shafting is hollow and is of forged nickel-steel. The 
crank shafts have two sections, and the thrust, line, stern- 
tube and propeller shafts have one section each for each main 
engine. A worm wheel for turning the main engine is fitted 
over the coupling flanges between the two sections of crank 
shaft, one for each engine. There are six main bearings for 
each complete crank shaft, two steady bearings for each thrust 
shaft, one spring bearing for each line shaft, two stern-tube 
bearings for each stern-tube shaft, and one strut bearing for 
each propeller shaft. Each shaft is made watertight at the 
forward end of its stern tube by a stuffing box and gland hav- 
ing a packing space 7 inches deep by 1 inch wide, arranged 
to prevent rotation of the packing with the shaft, and fitted 
with a water-circulation pipe from behind the packing space 
to the engine-room bilge. A stuffing box and gland of less 
depth is fitted around the shaft at the bulkhead between the 
engine room and shaft alley. 
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The ¢hrust bearing is of the horseshoe type, the pedestal 
being of cast iron bolted down, through oblong holes, on a 
cast-iron sole plate which is fitted with raised lugs at the ends 
which are machined for fore-and-aft adjusting wedges fitted in 
the space between the ends of the pedestal and these lugs. 
The sole plate is in turn riveted solidly to the built-up founda- 
tion from the hull structure. The sides and ends of the 
pedestal form a trough for oil in which the lower part of the 
thrust collars turn, the trough being fitted with a closed water- 
circulating coil for cooling the oil. The boxes for the steady 
bearings which carry the weight of the thrust shafts are cast 
in one with the pedestal as are also the lugs supporting the 
side adjusting rods, and a stuffing box is worked around the 
shaft at each end of the pedestal to prevent the escape of oil. 
There are twelve horseshoes of cast steel, made hollow for the 
circulation of water through each separately, and lined with 
white metal on both sides, except the forward one, which is for 
ahead thrust only and bears only on the forward side of the 
forward collar. Provision is made for independent fore-and-aft 
adjustment of the individual horseshoes by 4-inch, steel, 
screwed side rods and wrought-iron clamp nuts. 

The zxboard coupling of each stern-tube shaft consists of a 
forged-steel collar secured to a raised seating on the end of the 
shaft by four steel keys ; behind this solid collar is another steel 
collar in halves and fitting snugly around the shaft behind 
the shoulder of the collar seating, both collars being through 
bolted to the after flange of the line shaft by eight 3}-inch 
fitted bolts. 

The outboard coupling between stern tube and propeller 
shafts consists of a forged-steel solid sleeve, taper bored from 
ends to center, secured from turning on the tapered shaft ends 
by four fitted keys for each shaft (two for each shaft end). The 
shaft ends are forced into the taper bores with the keys in 
their seats, and tapered drawing cotters are driven through 
slots in sleeve and shaft ends to prevent withdrawal, the 
grooves around cotter slots being filled with solder and screw 
stop pins being let in to secure the cotters. 

52 
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ENGINE DATA. 


Cylinders, number for each engine......... 4 
Valves, H.P. (1 each H.P. cylinder), diameter, inches............... 22 
I.P. (2 each I.P. cylinder), diameter, inches................... 25 
L.P. (2 each LP. cylinder), diameter, inches................ 274 
through valve, inches. 2} 
at balance piston, 13 
Main steam pipe, diameter at throttle, inches................+. 13 
area of cross section, square inches.................. 132.73 
Volume swept by H.P. piston, mean, per stroke, cubic feet......... 26.073, 
1.P. piston, mean, per stroke, cubic feet......... 72.409 
L.P. pistons (2), mean, per stroke, cubic feet... 194.754 
Net area of I.P. to H.P. piston, ratio.. iqebbsinsbnsvescessisarersipun: GIONS 
L.P. pistons (2) to H.P. piston, 7-3373 to L 
of axial hole, H.P. and I.P., inches......... , 4 
Cylinder walls, thickness, H.P., I.P., L.P., 24, 14, 14 
liners, thickness, H.P., I.P., L.P., 1g, 18 
Valve-chest liners, thickness, H. P. and LP., 1% 
Cylinder relief valves (2 each cylinder), diameter, inches........... 4 


Valve-chest relief valves (1 each I.P. and LP. valve), diameter, 


Connecting rod, length center to center, inches....................ss00 go 
diameter, upper end, 84 
axial hole, H.P. and I.P., inches........ 4 
5 
Connecting-rod crosshead bolts (4), diameter, inches................. : 34 
axial hole, diameter, inches....... 14 
crank-pin bolts (2), diameter, inches..............+. 44 
axial hole, diameter, inches....... 1} 
Crosshead slipper, surface, ahead, square inches...........s000...se0e08 630 
backing, square 472.5 
of axial hole, tapered ends to center, ins.. 6 to 2 
length over all, 358 
each side crosshead, 105 


Crank shaft, number of sections each engine ...........000......eeeeeeee 2 


U. S. S. CHARLESTON. 


Crank shaft, diameter, inches 
coupling discs, inches............... 
thickness coupling discs, 
coupling bolts(8 each flange), tapered, diameter, ins. 
length, inches....... iintsstnbakie --(4) 214, (1) 314, (1) 26} 


length forward section, F.L.P.and H.P., ft.andins. 15-11} 
after section, I.P. and A.L.P., feet and ins... 17- 8} 
distance between journal centers, ft. and ins. ,5-6, 5-6,5-11,6-12 


projected area, square inches.......... 407 
axial hole, diameter, 12 
thickness, inches.............. II 
iength, feet........ 15 
collars, number on each shaft...... 12 
thickness, inches......... 2 
horse shoes, number, each 12 
total ahead surface, each engine, square inches...... 2,568 
backing surface, each engine, sq. inches........ 2,354 
steady bearings (2 each), length, inches...... 18 
diameter, inches............ 174 
Line shaft, diameter, 17 
coupling disc, forward, inches......... vceubene 32 
bolts (8), 1 flange, inches........... 34 
length, feet and inches............. 3 
Stern-tube shaft, diameter, inches........... 18 
axial hole, inches.......... II 
Propeller shaft, diameter in strut bearing, inches.................+. re 18 
axial hole, inches.............+ II 
length, feet and 34- 6 
Inboard collar coupling, diameter, inches......... 334 
of collar, 14 
keys (4 each shaft), inches........ 14X 24 X 14 
Outboard coupling, diameter, 234 
taper to center, 1 inch per foot, inches........ 18 to 154 
keys (4 each shaft), inches....... 324 X24 14 
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Outboard coupling, through-gibs (2 each shaft), inches, 234 X 24 X 74 to 64 

length over all, feet and inches 
Stern-bracket bearing, diameter, inches 

length, feet 
Stern-tube bearing, after, diameter, inches, 
length, feet. 
forward, diameter, inches 
length, feet 
Reversing engine, diameter of steam cylinder, inches 
oil cylinder, inches 
stroke, inches 
Turning engine, diameter of steam cylinders (2), inches 
stroke, inches 


Main Condensers.—There is one main condenser for each 
engine, located abreast of engine, outboard. The shell is of 
steel, butted with double butt straps and stiffened with T bars 
circumferentially, and fitted with riveted angle-iron rings at 
the ends to form flanges for securing the water chests. The 
water chests are of composition and are partially lined with 
rolled-zine plates. At the inlet and discharge end a division 
plate is placed horizontally across the water chest to direct the 
flow of water through the tubes, and in this plate is fitted a valve, 
worked by a lever on the outside of the condenser, to allow 
the circulating water to pass directly overboard when this 
valve is opened. Steel baffle plates, fitted directly under the 
inlets, deflect the entering steam and distribute it over all the 
tubes. The tubes are of seamless-drawn Admiralty metal, not 
tinned, packed with brass screw glands and cotton tape, and 
supported by two plates, spaced 4 feet 7 inches from the tube 
plates, through which the tubes are passed, the tubes resting 
in metal thimbles of the same composition as the tubes. Two 
main inlet nozzles are riveted to the top of the condenser, one 
at each end, on the forward one being arranged seatings 
for the various accessory inlets. At the bottom of the con- 
denser is a 12-inch suction opening to the main air pump and 
a 12-inch manhole, in the cover of which is a boss for a boiling- 
out connection. In the bottom of each tube plate is a hand 
hole to facilitate examination, and the water-chest covers are 
fitted with circular manholes to allow examination of tube 
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ends and packings. Water and vacuum spaces are provided 
with all necessary drains. 


Length over heads, feet and inches................scccessscesesessevcssees 17- I 
length between tube sheets, feet and inches ................  I4- 6 
as ordered, over all, feet and inches................... 14- St 
spacing between centers, imch.... + 
Cooling surface, both condensers, square feet............ssseeeeseeees 26,966 


Main Air Pumps.—For each main engine there is a Blake, 
twin, vertical, beam, single-acting air pump, having two steam 
and two water cylinders. On the top of a lower suction base 
are the suction valves, eighteen in number foreach pump barrel, 
and in the pump pistons and in the discharge chamber are the 
bucket and discharge valves respectively, eighteen each for each 
pump barrel. These valves are all uniform in size and con- 
struction, consisting of three bronze discs of graduated sizes, of 
which the top disc is plain except for the stud hole, while the 
other two discs have small holes within the rim of the over- 
lying disc to allow the escape of water between the separate 
discs. The discs are held against their seats by a guard and 
spiral springs secured to the central stud. Examination of 
the suction and bucket valves is provided for by removable 
manhole covers which form a part of the pump barrel, the 
bucket being placed at the top and bottom positions respec- 
tively. Examination of the delivery valves is made through 
hand holes in the delivery chests, and these delivery valves 
have also a removable seating in contrast with the suction and 
bucket valves where the seating is a part of the valve plates. 


Diameter of steam cylinders (2), inches............cccsssescsesssseccesessseceere 14 

Diameter of sods, nickel-steel, 2% 
pump rods, Tobin bronze, inches.............00.cesccsssseseeeees 3t 


valves in bucket, head and foot, inches............... 5+ 


, 
Number of valves (18 each bucket, head and foot), each barrel,......... 54 


U. S. S. CHARLESTON. 


Number of valves one complete pump, both barrels............s000se.se00++ 108 
Area through 18 valve openings, square imches......00....c0ssscseceeeeeseeees 234 
Lift of valves, possible under guards, inch...............ssssssccsessesssssesees 34 
Discharge (aren >< TAC), 153.55 


Main Circulating Pumps.—For each engine there is one 
centrifugal, double-inlet, circulating ‘(pump driven by a two- 
cylinder, compound, vertical, inverted engine. The specified 
capacity of each of these pumps is 12,000 gallons per minute 
when discharging from the bilges when running at not more 
than 266 revolutions per minute. Each pump draws from the 
sea, the main drain and from the engine-room bilge, and dis- 
charges to the main condenser, through its tubes and over- 
board when performing the regular duties, or directly overboard 
through the condenser by-pass, if desired, when in use on the 
bilges. The suction valves are so locked with inter-connect- 
ing gear that no two of them may be open at the same time. 


Diameter of steam cylinders, 22 
Width of pump runner at periphery, inches.................:cccseeecseeeeeeeseeees 4 
Diameter of inlet nozzles (2), 15+ 


Feed and Filter Tanks.—Abaft the main condenser in each 
engine room is located a combined feed and filter tank of about 
5,330 gallons capacity. The after end of the tank, higher than 
the forward part, is arranged as a filter and grease extractor, 
and is in communication with the lower part of the tank over 
the top of a weir at the back. Filtering material is packed 
loosely in the three compartments of the filter section of the 
tank, and all discharges from main and from auxiliary air 
pumps are so led that the water must pass three times down- 
ward through the filter sections in succession before reaching 
the feed tank proper. Vapor pipes connect to the atmosphere 
from the top of the tanks, and all necessary gauge glasses, 
drains, overflow outlets and suction connections are provided, 
as well as bolted covers and manhole plates, for the proper 
access to all parts. The suction outlets to the hotwell pumps 
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and to the cross connection from which the feed pumps take 
their suctions are protected from inrush of air when water is 
low by a valve controlled by a float. 

Main Feed Pumps.—There are four main feed pumps, one 
at the starboard side of each of the four athwartship firerooms, 
of the Blake, single-cylinder, double-acting, plunger type. 
The suction for these pumps is from the feed tanks direct 
(from the cross-connecting pipe between the feed tanks) and 
from the main into which the hotwell pump discharges through 
the feed heaters, no other suctions being provided. ‘The dis- 
charge from these pumps is to the main feed line only. 

Auxiliary Feed Fumps.—The auxiliary feed pumps are 
duplicates of the main feed pumps and are placed on the 
opposite side of the firerooms, four in number. ‘The suction 
for the auxiliary feed pumps’ is from the feed tanks (through 
cross connection as for main feed pumps), from the auxiliary 
drain, from the sea, from the floor of its own compartment and 
from the bottom blow pipes of all boilers in its own compart- 
ment. (It is possible, also, to divert the feed water after pass- 
ing through the feed heaters to enable the auxiliary feed 
pumps to handle it.) The discharges of these pumps are: to 
the feed main for all boilers, to the fire main, overboard 
through sea valve in their own compartments and through 
special fittings for fireroom purposes. 


Main and auxiliary feed pumps, four each, center-packed plungers : 


Valves, suction and delivery, 10 each per pump, diameter, inches....... 3t 
area of opening (1), square inches........ 5% 


Feed-Water Heaters.—In each engine room is a feed-water 
heater of 950 square feet of heating surface, so arranged that 
the discharge of the hotwell pumps may be passed: through 
the heater or be by-passed, the auxiliary exhaust steam being 
used to heat the feed water on its way through the heaters. 
The design provides that the heating steam is on the outside 
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of the tubes, being distributed by baffles, which also serve as 
supporting plates for the tubes, while the water passes into 
the lower half of the tubes and leaves through the upper half 
by way of suitable nozzles on the inlet and outlet head. The 
pressure of the auxiliary exhaust steam for the heaters is regu- 
lated by relief valves on the connections from the exhaust line. 


Diameter of shell, inside, feet and inches...............cscesseeseesceees 2-114 
Length over heads, feet and inches............000.ccsessersecsscsseesees 8-9 
length between tube sheets, feet and inches........-.....++++ 6-I0 
total, as ordered, feet and inches................-..+ 6-114 
spacing between centers, 
Heating surface, both heaters (950 each), square feet................ 1,900 


Hlotwell Pumps.—There is a hotwell pump in each engine 
room with suction connections for drawing water from the 
main feed tanks, from the reserve feed tanks in inner bottoms, 
from either main air-pump suction pipe, and from the fresh- 
water connections at the ship’s side for taking in fresh water 
from lighters alongside. There are discharge connections 
through the feed heaters into the feed suction mains from 
which the main feed pumps draw, into the feed tanks, and 
into the reserve feed tanks. 

Distiller Circulating Pump.—In the starboard engine room 
is a distiller circulating pump, a duplicate of the hotwell 
pumps, having a suction to the sea only, and discharging either 
through the distillers or by-passing them, into the fire main, 
the flushing system, or overboard. Rettef ‘valves are fitted on 
the discharge pipes to the distillers to guard against excessive 
pressure on the distiller coils. Hotwell (2) and distiller-circu- 
lating (1) pumps, Blake light-service piston type. 


Diameter of steam cylinder, 12 
water Cylinder, 14 

Valves, suction and delivery (18 each per pump), diameter, inches........ 34 


area of opening (1), square inches........... 5 
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Fire and Bilge Pumps.—There is one fire and bilge pump 
in each engine room, Blake, vertical, simplex piston type, each 
having suctions for drawing water from the sea, the auxiliary 
drain, the drainage manifolds, the engine-room bilge and the 
crank pits. They discharge to the fire main and overboard. 


Diameter of steam cylinders, 12 
Valves, suction and delivery (18 each per pump), diameter, inches..... 24 


Shaft Bilge Pumps.—On each main-engine shaft there is a 
bilge pump, worked bya crank pin on the end of the main shaft. 
These pumps have a capacity of about 390 cubic inches per 
stroke, and draw water from the engine-room bilges and from 
the crank pits, discharging overboard. 

Auxiliary Condensers.—There is one auxiliary condenser 
in each engine room and,one in the lower dynamo room, star- 
board side, of the type known as the Wheeler condenser, having 
a combined air and circulating pump attached to the condenser 
and located on the foundations under it. 


Engine Dynamo 
rooms(2). room (1). 
Diameter of shell, inside, inches..............c00s..s-seceereseee 28 35¢ 
Length over heads, feet and 9- 14 
length between tube sheets, feet and inches...... 6- 8 7-4 
total, as ordered, feet and inches........ se. 6-10} 7- 64 
thickness, No. 18 B.W.G.., inch.............2....cesees .049 +049 
spacing between centers, inch....... + 
number in each 552 1,001 
Cooling surface, one condenser, square feet.................. 601.4 1,200.9 
Pump cylinders, steam, diameter, inches ...................+. 8 «ie 
circulating, diameter, inches.............. 10 14 
air, diameter, inches.......... pesiaeenaohie 10 14 
piston rods (2), diameter, inches..................2006 14 1% 
Valves, air, suction and delivery, number each per pump. 4 4 
area of opening (1), square inches 13.6 21.5 
circulating, suction and delivery, number each 


area of opening (1), square inches... 13.6 13.6 
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Screw Propellers.—The propellers are of manganese-bronze, 
and are arranged to turn inboard when going ahead, the star- 
board propeller being left-hand and the port one right-hand. 
They are designed as true screws and are accurately balanced, 
with pitch adjustable from 20 feet 9 inches to 18 feet 9 inches, 
the designed pitch being 19 feet 9 inches. Each boss is ac- 
curately bored to fit the taper on the end of the shaft, is fitted 
with two feather keys, and is held by a nut screwed on the end 
of the shaft against the boss and locked in place. A cap of 
composition is fitted watertight over the end of the shaft and 
nut to fair the end of the boss and protect the shaft. The bolt 
recesses in blade flanges for securing the blades to the seatings 
in the boss are covered by watertight plates, set in flush with 
the flange surfaces. Blades, bosses, caps and plates are 
smoothed, finished and burnished. 


Number of blades, each 3 
Diameter of propeller, feet and inches. 16- 3 
Pitch of propellers, official trial, feet and inches.......0. ....:ssseeece1.. 20- 6 
Center of hub above lowest point of keel, 9.2 
Top of propeller immersed (22 feet 6 inches draught), inches......... 624 


After the official trials of the Charleston the Bureau of 
Steam Engineering directed the contractors to make the 
spare propeller blades for this vessel to conform to the follow- 
ing dimensions: Diameter of propellers, 17 feet 6 inches; 
helicoidal area, 95 square feet ; pitch, 19 feet 6 inches, mean. 
The form of the new blades is to be similar to that of the 
originals, and the same range of adjustability of pitch is re- 
quired; that is, one foot above and below mean pitch. 

Botlers.—There are sixteen Babcock & Wilcox boilers, 
arranged in four groups of four each, in four watertight com- 
partments across the center line between the coal-bunker bulk- 
heads. The two forward boilers of each group are located to 
starboard and port of the center line, respectively, and face 
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the corresponding two after boilers of the same group, the 
athwartship fireroom for the group being between the forward 
and after pairs. There is a separate smoke pipe for each of 
the four groups of four boilers each, the vertical axis of the 
pipes being over the centers of the fireroom spaces for the four 
groups. The general type and arrangement of these boilers 
corresponds to those of the West Virginia and Maryland, of 
which a detailed description will be found in the illustrated 
article by Lieutenant R. K. Crank, U. S. Navy, on page 1223 
et seg., Vol. XVI, November issue, 1904, of the JouRNAL. The 
feature of the division of the furnaces of the boilers of those 
vessels by a water leg of four square-sectioned middle boxes 
and a 4-inch tube is not found in the boilers of the Charleston, 
where the number of sections making up the width of the 
boiler is smaller and the width of the furnace is consequently 
less. 


16 
Steam drum, inside diameter, 42 
Floor space, one boiler, length, feet and inches................s000+++ Io- I 
width, feet and inches...........ccccve.sccscsee 13- 8} 
Heating surface, one boiler, square feet............sccseresesesssereseeeees 4,000 
Heating surface + grate surface, ratio.............. 45.71 
Tubes, one boiler, 2-inch, No. 8 B.W.G.., 9 feet 2 leaton long... 672 
4-inch, No. 6 B.W.G., 9 feet 2 inches long..... 23 
8 feet 11 inches long.... 2 
7 feet 3 inches long..... 23 
Elements, one boiler (21 intermediate, 2 sides)...................-0066 23 
Weight of water, one boiler, at steaming level, pounds.............. 13,785 
80,796 
Working pressure, on trials, pounds, per square inch................ 300 
Air pressure on trials, inches of water column ......... hbuteabessncae 2 
Safety valves (1 triple-type each boiler), total.........06.....-.ssseeee 48 
diameter of each valve, inches............000...-eseseeees 3 
set to blow at, pounds... 300 


Sentinel valves (1 each boiler), diasecter, fuel 


| | 
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Sentinel valves set to blow at, pounds ........00.ccceseeececeesseseeesseeeneee 295 
Smoke pipes (4), diameter, outside, feet and 8- 
height above grates, feet and 
Escape pipes (4), diameter, inches, after pipe................sseeeeeeeeees Io 


Forced-Draft Blowers.—There are eight forced-draft blowers 
of the Sturtevant type located in recesses in the uptakes and 
above the protective deck. The arrangement and location of 
these blowers is such that two blowers discharge into each of 
the four firerooms, taking their suction from the air spaces 
around the base of the smoke pipe of the boilers they supply, 
‘suitable airtight shutters being fitted over boiler-hatch open- 
ings to make the firerooms tight. All blowers are readily 
accessible from the berth-deck compartments and are well pro- 
tected from the dust and heat of the firerooms, so that they 
may be well cared for under forced-draft conditions and may 
be expected to be far more efficient and durable than in the 
firerooms. By opening the access doors to the blower engines 
while in operation the blowers become very serviceable as 
additional ventilation to the lower-deck spaces by the air drawn 
into the casings from these spaces. 


Forced-draft blowers (8), two-cylinder, double, vertical, enclosed : 


Steam cylinders (2), diameter, inches............cccccsssscsseecsssceseeseees 7 
Diameter of piston rods, Ip; 
Area of induction nozzle, square inches,...........ssssseceeseerersseresssens 1,410.3 
eduction nozzle, square inches...... 1,755 


General Workshop.—The following tools are provided and 
installed in the general workshop on the port side of the berth 
deck abreast of the engine-hatch enclosure: 

One lathe, screw-cutting, back-geared, gap, swinging 30 inches 
over the ways and taking 10 feet between centers; 

One lathe, screw-cutting, back-geared, 14-inch, taking 4 feet 
between centers; 

One column-shaping machine, 16-inch stroke, 24-inch traverse ; 
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One drilling machine, back-geared, to drill up to 1} inches, 
14 inches from edge of work; 

One sensitive drill, 16-inch ; 

One milling machine, universal, No. 1; 

One combined punch and shears, hand, 6-inch blades, with 
capacity for shearing -inch round iron, 3-inch steel plate, 
and punching -inch holes in j-inch mild-steel plates; 

One emery grinder, two wheels, 12-inch diameter and 2-inch 
face ; 

One grindstone, 30-inch ; 

Four bench vises are mounted on two vise benches convenient 
for hand work, two other vices being mounted on small 
benches in the engine rooms. 

The above power tools are driven by a system of overhead 
line and counter shafting belted from a 10-H.P. electric motor 
in the forward outboard corner of the workshop. 

Ash Hoists.—Four fireroom ventilators, one in each athwart- 
ship fireroom, alternately starboard and port from forward, are 
fitted with sets of angle-iron guide strips, which guide the ash 
buckets in their ascent from the fireroom to the main-deck 
level. These guides are so fitted that they do not interfere 
with the placing of the armor bars in the protective-deck 
openings when the ash hoists are not in use. The hoisting 
is done by four double-cylinder, vertical, reversible steam en- 
gines of the Williamson Brothers’ servo-motor type, located 
within the fireroom hatch enclosures at the main-deck level 
and worked by means of hand wheels and geared shafting 
from the hoisting station. The engine cylinders (two) are 4} 
inches in diameter by 4} inches stroke; the cranks are set at 
right angles, and safety gears are provided to prevent over- 
winding and to stop the buckets when they reach the fireroom 
floor. From the four hoisting stations the ash buckets are 
carried by trolley tracks to their corresponding ash chute direct, 
these chutes being located at frame spaces 48-49 and 58-59, 
starboard and port, or, by cross-connecting trolley tracks and 
switches, either of the forward two stations may dump in 
either of the forward chutes, and either of the after two stations 
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may dump in either of the after chutes. For dumping into a 
lighter alongside, the buckets are carried on trucks through 
the forward doors of the superstructure and dumped in port- 
able chutes secured to the water-ways. 

Distilling Apparatus.—There are four evaporators, of the : 
usual Navy type, of a combined capacity of 21,000 gallons per a. 
day, and three distillers of the horizontal-tube type, in which : 
the steam passes through the tubes and the cooling water 
around them, having a combined capacity of 21,000 gallons 
of potable water per day. The distillers are located in the 
fireroom-hatch enclosure, forward of the after smoke pipe, at 
the level of the guu deck, the evaporator room being on the 
berth deck below them. Aside from the distiller circulating 
pump before mentioned, there is a connection from a riser to 
the fire main, from which the circulating water may be sup- 
plied to the distillers, using one of the pumps which discharge 
to the fire main. 


Evaporators (4)......... 3 port side I starboard side 
Shetis, shel, diatseter, 
+ length over heads and braces, feet ond 5- 8% 
{total over all, including heads and 
Heads, steel, thickness, inch....... + 
Tube sheets, composition, thickness, inch........... 
Tubes, brass, No. 12 B.W.G., one evaporator, number............... 96 o 
outside diameter, inches.......... 2 
+ length between tube sheets, feet and 5- 3¢ 
total, as ordered, feet and inches............... 5- 5+ 
Tube-heating surface, one evaporator, square 266 
Capacity, one evaporator, per day, 5,250 
Dry-pipe, brass, diameter, inside, inches. 5 
slots (4 inch & 130 degrees arc, transverse), number.. 20 
area (4 X 5.672 X 20), square inches.............00+ 14.18 
Steam connection to coil, diameter, inches............. donactetedeineinis 24 
Drain connection to trap, diameter, inches. 
Shells, cast iron, diameter, inside, 194 


* Original design for high- and low-pressure evaporators in double effect not changed though 
single-effect system is now used. 

+ After port evaporator shortened 4 inches, shell and tubes, to allow withdrawal of coils in space 
allotted. 
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Shells, thickness, inch Ys 
length over all, feet and 5- 8% 
Tubes, brass, No. 16 B.W.G., one distiller, number...................... 192 
length between tube sheets, feet and inches.................0000 4- 5% 
total, as ordered, feet and inches.............s0ssecsseeeees 4-7 
Tube cooling-surface, one distiller, square feet............cccsseeseeeereee 140 
Capacity, one distiller, per day, potable water, gallons................. 7,000 
Circulating water, inlet and outlet, diameter, inches............sss00..+ 9 
Fresh-water outlet, diameter, 3t 


Refrigerating Plant.—One horizontal, two-ton, Allen, dense- 
air, ice machine is installed in its compartment on the star- 
board side of the berth deck between frames 73 and 754, from 
which refrigerating piping and the necessary returns are taken 
to the refrigerating rooms, the after scuttle butt and the ice- 
making tank. The refrigerating rooms are four in number— 
captain’s, junior and warrant officers’, wardroom officers’, and 
crew’s—with a common air lock from which all open, and are 
located between frames 68 and 73 on the starboard side of the 
berth deck. The after scuttle butt is located just forward of 
frame 73 on the gun deck, starboard side, over the after end 
of the refrigerating rooms, the forward scuttle butt not being 
piped with cooling coil. The ice-making tank is located in 
the after inboard corner of the ice-machine room. The 
general location of the plant is unfortunate so far as efficiency 
is concerned owing to the high natural temperature of that 
portion of the ship and the close proximity of the engines and 
boilers. As the ice machine is in one unit this will also ope- 
rate to lower the continued efficiency of the plant through the 
necessity of long-continued running of the machine with but 
little chance for overhaul. Another obstacle to equal efficiency 
of all the rooms liesin the fact that the piping is in combina- 
tion for the captain’s and the wardroom officers’ spaces, and 
for the junior and warrant officers’ and the crew’s spaces, so 
that the first mentioned of each of the two combinations must 
receive the full cooling effect before the second mentioned, 
and the circulation must be kept up on the whole combination 
even after one of the two spaces is cooled to the desired 
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degree. The ice-making tank may be used (a) alone, (b) 
with rooms, (c) with rooms and scuttle butt, (d) with scuttle 
butt, or (e) it may be cut out when not required. From the 
foregoing, with proper substitution of names, may be seen the 
combinations of uses possible with the plant. 


compressor, diameter, 7 
circulating pump, diameter, 34 

length, over all, feet and inches.................sssecscesees 2- 8} 

Cooling coil, face to face of elbows, length, feet and inches............. 4- 2}4 

center to center of ends of coil, length, feet andinches... 3- 9); 
complete spiral, turns, 184 
diameter, mean, inches 124 
tubing, diameter, outside, inches............cssscsesceseeeseees 2 


Anchor Windlass.—The anchor windlass is of the Hyde 
type, designed for handling four chains, and is located in a 
pocket between the main and gun decks. Its main worm 
wheel on the wildcat shaft is driven by a vertical shaft with 
a worm pinion at its upper end and a bevel gear at its lower 
end, the latter bevel gear meshing with a similar gear on the 
after end of the engine shaft. Suitable thrust bearings are 
provided to take the end thrust of the engine shaft and of the 
vertical worm shaft, the latter having also a step and a top 
bearing. The windlass engine is located on the gun deck 
just forward of the windlass pocket and is of the two-cylinder, 
vertical, inverted, reversible type, having two 15-inch cylinders 
of 14-inch stroke. 

Steering Engine.—The steering engine is of the Williamson 
Brothers’ design, arranged for steam and hand control, the 
usual steam-steering wheels being fitted on the flying bridge, 
forward bridge, and in the conning tower. Electric and direct- 
acting indicators are installed showing the position of the 
helm, and an electric transmitter communicates to the hand- 
steering station. The engine is two-cylinder, horizontal, direct- 
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acting ; diameter of cylinders, 15 inches; stroke, 12 inches; and 
diameter of piston rods 2, inches. 

Electric Plant.—The electric plant of this vessel consists of 
two 100-kilowatt and three 50-kilowatt generating sets of 125 
volts pressure at the terminals; about one thousand electric 
fixtures, complete, with all necessary incandescent lamps; 
twelve enclosed arc lamps of about 3 ampéres capacity in 
engine andfirerooms; six 30-inch searchlights; two truck 
lights; two electric night-signaling sets, complete; two diving 
lanterns with 150-candlepower incandescent lamps; six port- 
able electric ventilating sets; forty ;4,-horsepower desk and 
bracket fans; six }-horsepower bracket fans; one electric 
whistle operator; all necessary panel and switch boards for 
lighting and power; with all wiring, accessories, fixtures, 
lamps, instruments, tools, spare parts and stores necessary for 
the proper manipulation, test and repair of the plant. The 
generating sets are secured to a common bedplate, the engine 
being direct-connected tothe dynamo. The engines are of the 
vertical, cross-compound, General Electric Company’s type, all 
working parts enclosed and lubricated under pressure, the in- 
troduction of oil into the cylinders being guarded against bya 
top plate on the enclosing covering, having soft-packed stuffing 
boxes for the rods and valve stems to work in. The dynamos 
are of the direct-current, compound-wound, multipolar type, 
and the wiring is arranged on the two-wire feed system. 


50-kw. dynamo engines, number 3 

Stroke, inches.......... 8 
Diameter of piston rods, H.P., inches...... 1} 

Diameter of cylinders, H.P., inches, .......06 10 

Diameter of piston rods, H.P., inches...... dis 2t 


Motors.—In connection with the electric plant, and for the 
operation of the various auxiliaries outside the engine and 
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fireroom spaces (all of which, with the exception of the 
forced-draft blowers, ice machine, evaporator pumps, wind- 
lass and steering gear, are operated by electricity), there are 
installed the following motors : 


HP 
} 
Use. No. Winding | (amp.) Location. 
Ventilation. 
7o-in. S. P. blower.) 2 Shunt. 64 Protective deck. |B. F. Sturtevant Co 
60-in. S. P. blower.| 4 Shunt. 64 Eng. room and |B. F. Sturtevant Co. 
| forward hold. 
5o-in. S. P. blower.| 2 ne “id Shunt. 36 | — and gun |B. F. Sturtevant Co. 
| decks. 
45-in. S. P. blower.) 3 we al Shunt. 26 Prot., berth and |B. F. Sturtevant Co. 
gun decks. 
35-in. S. P. blower.) 6 om om Shunt. 15 Prot., berth and |B. F. Sturtevant Co. 
gun decks, 
plat- 
orm aft, and 
steering eng 
rooms. 
No. 4 Monogram ..| 6 ose ose Shunt. 10 Berth and gun |B. F. Sturtevant Co. 
decks and up- 
per platform. 
No. 3 Monogram...| 3 Shunt. 6.80 | Gun deck. B. F. Sturtevant Co. 
No. 1 Monogram...) 1 Shunt. 1.26 | Berth deck. B. F. Sturtevant Co. 
Boat cranes. 
CB SS-cocecceeve-oeoes| 8 35 7° Series. 240 Boat cranes. Gen. Electric Co. 
6 | 90 120 Series. 140 Bridge deck. Gen. Electric Co. 
Deck winches. 
25 | 175 *Series. 175 upper |Thresher Elec. Co. 
eck. 
Ammunition hoists...| 27 2.5 | 67.5 | Shunt. 19 Hold, amm’n/|Gen. Electric Co. 
| and 
| | | berth deck. 
Ammunition win-| 3 3-5| 10.5| Shunt. | 26 Ope deck and |Gen. Electric Co. 
ches (whip hoists.)) | _ bridges. 
Pumps, fresh water..| 2 2 4 Shunt. | 14.7 | For’d hold and |Holtzer Cabot Co. 
| | steering eng. 
platform. 
| Shunt. | 3.9 | Engine room. |Gen. Electric Co. 
General workshop....| 1 to | 10 Shunt. | 30 | Gen. workshop. |Gen. Electric Co. 
| 6 | 6 Shunt. | 42 | Laundry. Gen, Electric Co. 
Bread mixer..... ..0| 1 | 2 | 2 |+ Shunt. 14 | Bakery. Gen, Electric Co. 


*Shkunt winding sufficient to control speed at no load, 


VENTILATION. 


All the spaces below the gun deck, and the officers’ and 
crew’s closets on the gun deck, are provided with artificial 
ventilation. ‘There are fifteen systems (or units) of ventilation, 
and these are grouped into four methods, viz: 

The Supply and Exhaust Method.—This method is applied 
to all compartments where it is difficult both to supply the 
fresh air and to exhaust the foul by natural convection. Under 
this head come the dynamo rooms and the ‘steering-engine 


room. 
The Supply Method.—Ait is supplied by forced ventilation 
to all compartments below the gun deck and between the 
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*thwartship armor bulkheads, and also, where necessary, as in 
the magazines, exhaust ducts are provided to allow the escape 
of the foul air. 

The Exhaust Method.—Where there is a natural inlet of 
fresh air through hatches and air ports, as in the case of living 
quarters aft on the berth deck, the foul air is exhausted by fans. 

The Convection Method.—This is applied to the bunkers 
and firerooms where there is a natural flow of heated air up- 
ward through hatches and pipes provided for that purpose, 
and ventilators and supply pipes are arranged to carry the 
fresh air to supply the need. 

The engine rooms are ventilated by four electric blowers, 
locted two on and two just below the protective deck. These 
blowers supply fresh air from ventilators to- the four main 
ducts leading inboard and outboard in each enginé room. 
From there ducts branches are led to the various points in the 
engine rooms where cool, fresh air is most needed. ‘The pre- 
ceding table of motors gives the number, type and location of 
the different ventilation blowers. 


STANDARDIZATION OF SCREWS. 


It having been decided to try the vessel according to the 
standardized screw method, progressive runs over the meas- 
ured mile at Provincetown, Mass., were made and the data 
recorded in Tables I and II was obtained. From this data 
the curves on plates I and II were plotted. 

It was determined that 143.081 revolutions per minute of 
the main engines would be required to give the contract speed 
of 22 knots per hour. 

The standardization runs were commenced at 8°31 A. M. on 
June 28th and completed at 2°15 P. M. The draught and cor- 
responding displacement at the beginning and end of the runs 
were as follows: 


Beginning. End. 

Draught, forward, feet and inches.......00...sssesecceseeeeeeseees 22- 22-1 


The coal used was New River, run of the mine. 


5 


gr | gig’t | | |Sz-oSg‘r | 9°66€ | g*10b | gy*gS-z 


} 
| | | | ogg*z igg*for‘g |g6°S96 | E-blo‘z| iggb-oz S-oS€ | 6 SS-z 
| S*LEo‘r | | | | |S€-o00'r | | brogé | | 


} 


| 


= 
= 
3 


S. 


Ss. 


‘I 
‘dH 


Te 
*(pazew 
uoneia 
‘a 


| 
| 
| 


Ao 
‘dl 


sjoux ur peeds 
uo 


439g of, 


-do ul 
uleur 

| 


‘aulZus 


soquinny 


ureur jo 


*samodasioy pareoipuy 


801 

| | 

| = | 

| 

og 

| 

.| 

| 

| | 

| 

: 

| 

| 

| 

Ag 

| 

| 

au 

| 

.t 

Gao Oo + 

+ 3 


9 ooz | | oor | oz1 | 09 | | 98 89 ozr| oS Ss 
of €Z1| | grr} gS | | 26 gz | | Szvzz| og | Str} | € 
9 | zg1 | zor | Og | 98 9 lLgSS| 19 g6 Sv| ogz 
ve 691} | err} grr] 6S | S*Sz | Lots | Loz | SSS) ... .. 
9 | bor | ozr| og | | 2g 9 eSeS| €s err] SSz 
** 6S | | 16 | Lz | gS-gb | | SS°gi | | 96 | SSe| ... ... 
9 | Ogt | cor | ozr| 09 | gg Sle} gas lor 1¥| Gor} oSz| 2Se 
gt gér| 6S | ** | 26 gz | | Leb} S*ozr $6 | Lee] .. 
9 ogr |} | zor} og | | gg 99 gz | Lor! S*gh| Seder gf | oS 
|obloz| | | 09 | | 6g 9 =| = gz | o°St | | Se-Ser €€| dg S€z | obz 8 
| oz | Ex| Sgr | |06 | Gor) gS | #8 | | €z | gzxr| 611 | Sz ve gor fe] Sq | ede} |g 
| S11} | 6g | 8 4 Lz | S€ 6€| | Sé-gt $€| SLor 6z| bez | ‘Ss 
9S o1| oz} |ozr| gg jorr| og | 6g 9 S*ge | | | Lge +6 LS ogi | zge ‘Ss 9 
| gtr) 26 | zor} | g 9 | | Lg 9 S$ Sg t| £81 z26z 
4 o1| 6€}oz| | | og | 2 9 | | | giz | ot: | olz 
o9| gr | g6 | 26 | gS | g | | SES | zSi | er] | 96 | ghz] 
6€ | gir} oer) #6 | og | 89 6z | | Sgr | €€ | 26 | 
| | 9 ge 6r} 26 | jorr)gg | gS || t ol | rb | ds 8 Sz of | .. 
or oz} gr) | |ozr| obr | ob ogi | S*gz | | | 1| | oS 
oz | | or | 6€ | oz | 26 | og | $2 f-gz | tror| ° gf | ez Ss | Ss 
7 | 


| 


| 
r 
¥ 


S. S. CHARLESTON. 


493] 4130 49 
66 2/15 385) 515567 
(00 136) 6278 


6/19 1260857 
9.1247 20 906 | 


27000--—— 2! 
25000+—— 20 


t+—+21000 -——-i 


7 
19000-+ 
| 
| | 
15000 15 
- 
St13000+- 
| 
: 900-4+—13 
| 
| | 
=+ 9000-4+— 12 
ao) 
7000 
a 5000 


USS Charleston 
Standardization Runs 


Provincetown, Mass.. June 28 1905. 


| 
| 


an 


Ral. 


Reva 


lutig 


8 Bis 


=a 
| 
| 
on 


804 U. S. S. CHARLESTON. 


OFFICIAL FOUR-HOURS’ TRIAL. 

At 7°30 A. M. on June 29, the Charleston stood out to sea 
for the official four-hours’ trial which commenced at 8°53 A.M. 
The weather was clear and pleasant with a light S.W. breeze 
and smooth sea. 

The draught and displacement at the beginning of the trial 
were as follows : 


The estimated displacement at end of trial was 9,587.8 tons. 
A synopsis of the data obtained follows. 
PERFORMANCE.—FOUR-HOURS’ OFFICIAL TRIAL. 


Steam Pressures. (Average of one-half hourly observations.) 
Starboard. Port. 
286.7 


Steam pressure at boilers (per gauge), pounds...... 
H.P. steam chest (gauge), pounds.. 252.8 254.2 
Ist receiver (absolute), pounds..... 125.7 122.9 
2d receiver (absolute), pounds...... 47.4 45-4 
Vacuum in condensers, inches of mercury.......... * 27.3 26.42 
Revolutions, or Double Strokes, per Minute. (Average of one-half hourly 
observations. ) 
Main engines (mean for trial).............sccsssseeseeees 143.2 143.59 
192.2 181.8 
feed (forward and after)................. 32.4 
Blower engines 529.5 
Speed of ship, in knots per hour..................0.0000 22.04 
Slip of propeller, in per cent. of its own speed, on 
mean pitch and average speed.........0+....ssseeeseees 23.96 24.16 
Air pressure of firerooms, inches of water............ 2.48 


Mean Effective Pressures in Cylinders, in pounds per square inch. 
(Average of cards taken at half-hourly periods. ) 


Main engines, H.P. cylinder. 91.463 83 


Mean equivalent pressure, in pounds per square 
inch, referred to combined area of L,.P. pistons.. 55-54 55.483 


4 
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PHOTOGRAPHS OF SMOKE TAKEN DURING TRIAL, U. S. S. ‘‘ CHARLESTON,”’ 
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U. S. S. CHARLESTON. 


INDICATED HORSEPOWER. 


Starboard. Port. 
Main engines, H.P. cylinder...............ccscssereescesees 2,956.1 2,689.9 
AUXILIARIES. 
Auxiliary condenser 6 
Blower engines (forced draft)...........-.cccseseseeseeees 216 
Steering engine 5 
Dynamo engine (one in operation)..............sss00+ 72 
630.48 
Main engines, air, circulating, hotwell and feed 
Total all machinery in operation..............+- 27,506.58 
COAL. 
Kind and quality............. pketecebewnnnedeins New River, hand-picked, excellent. 
DEDUCED DATA. 
I.H.P. (total) per square foot of grate surface...... 19.65 
heating surface... 
Main engines, air, circulating, hotwell and feed 
pumps per square foot of grate surface.............. 19.43 
Main engines, air, circulating, hotwell and feed 
pumps per square foot of heating surface.......... 425 
Pounds of coal per I.H.P. per hour (main engines, 
air, circulating, hotwell and feed pumps)......... 2.11 
Pounds of coal per I.H.P. per hour, all machinery 
Pounds of coal per square foot of grate surface...... 40.9 
heating surface... 
Cooling surface (main condenser), square feet per 
Heating surface, square feet per (total) I.H.P...... 2.327 
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COAL CONSUMPTION OF U. S. CRUISERS C/N- 
CINNATI, RALEIGH, NEW ORLEANS AND 
ALBANY. 


By COMMANDER W. W. WHITE, U. S. Navy (RETIRED), 
MEMBER. 


The accompanying table has been compiled from the results 
of a run, in squadron, of the Czucinnatt, Raleigh, New Orleans 
and Albany, in December of 1903. A short time prior to the 
trip all ships had been docked and their bottoms cleaned. The 
coal used (Pocahontas) was from the same Government pile at 
Yokohama. 

The principal data of these ships is as follows: 


Cincinnati and 
Raleigh (steel). | yoo4-sheathed). 


Length on L. W. "L. on feet... 300 346 

Extreme breadth, feet and inches..... 42 43-9 

Mean draught (normal), | 18 18 

Displacement (normal), tons............ 3,213 3,769 
MACHINERY. 

4-cylinder, 3-cylinder, 


triple-expansion. | triple-expansion. 


Diameter of cylinders, inches. K 444 X 57X57) 31 X 46X70 


Stroke, inches.......... al 33 30 
8, B. & W. 4, double-ended 
(Scotch). 
Designed 225 160 
Grate surface, total, square feet........ 506 474 
Heating surface, square feet............. 21,016 13,768 


The auxiliary machinery in operation for all ships during 
the run was very closely the same, with the following excep- 
tions: On the C7ncinnatz, all fresh water needed both for 
ship’s use, and to supply deficiency of boiler feed, was made, 
as required, by the evaporating plant. Other ships distilled 
water for ship’s use, but to replenish feed water drew frequently 


| 


*sXep € ‘yyoous ‘sAep 11 ‘vag osinod) jo payndurosy 
9 z -gI 9 -gI oz 
9 -SI 9 -SI 9 -S1 
oI-61 9 -61 oz -02 | 
-61 9 -gI gi 61 | 
7) 
g'zoS |tzS [goof Sof jg If | | | gz Qe | 
Str €r |zor | €or zor |g'6 |for |96 |9°6 £6 sad | 
| | | | | | | | | | 1°Szz | | g°6zz | g*Lzz | Sol AG ‘poos 
| Ggzt| C-10€ | | | zSz | | bez | L-gzz | g*Lezt| | Ag, ) 
‘gi-t 
Troy, | ot | St | | | er | | oI | 6 8 | 9 


‘NOUGVNOS AASINAD-LAATA OILVISV SALVLS GALINA 


807 

fe 

= 

= 

is 


808 COAL CONSUMPTION OF U. S. CRUISERS. 


upon reserve feed stored in double-bottom compartments. 
Main air pumps of the Czmcznnati and Raleigh are indepen- 
dent, while those on the Mew Orleans and Albany are 
attached to and worked by beams from the main engines ; an 
exhaust feed-water heater is fitted on the Czucinnati and 
Raleigh, but there is no such device on the other two ships. 

From an inspection of the table it will be observed that 
during the first ten days of the run there was but little varia- 
tion in speed, the average being 9.97 knots per hour. The 
following is a recapitulation of the important data during 
that time: 


Cincin- Raleigh. New 


| matt, Orleans. | 
Average 72.1 | 76.7 
steam pressure, boiler | 
(GAUZE) 193 | 167.3 | 127.7 | 132.3 
steam 
(gauge)... — 188 | 162.3 125.7 | 127.3 
steam pressure, ‘ist receiver 
(absolute). .....:.... | 33.8 22.3 
steam pressure, ad receiver | 
Temperature of feed (Fahrenheit)... 199.2 | 180 |. 
Water distilled, per day, gallons..... 6,662 Pose 3.055 | 2,400 
I.H.P., (main engines only)........... 897 867 801 | 808 
Coal per hour, pounds.. .....-.....+04+- 2,831 | 2,853 3,063 3,288 
perI.H.P. (mainen- | 
gines only), Ibs...... 3.16 3.29 3.82 | 4.07 
square foot grate, per 
hour, pounds............... If.tg| 11.28 12.93 | 13.87 


* Not recorded. 
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BALANCE CYLINDERS. 


By LUTHER D. LOVEKIN, ASSOCIATE, 


[The following additional information on the subject of 
Balance Cylinders is in continuation of the article which ap- 
peared in Volume XVI, page 896, of the JOURNAL. ] 


For the benefit of those who may become interested in the 
balancing of valve gears I have taken the liberty of appending 
a recent extract from the “ Marine Engineer,” of London, Eng- 
land, under date of April 1, 1905, which is in answer to an 
article on ‘Slide Valve Resistances,” by Mr. J. E. Cooper, in 
this same paper, under date of May 1, 1904, describing the 
Assistant Cylinders as fitted on the Royal Mail Steamer Ofhzr. 
These were Joy’s Patent Assistant Cylinders, and give the 
zeader a good opportunity for comparing the same with “The 
Improved Lovekin-Thom Assistant Cylinders,” described pre- 
viously, and as fitted on the Pacific Mail Steamer Manchuria. 
In order to determine the value of the Lovekin-Thom Assist- 
ant Cylinders under varying revolutions, I had several indicator 
cards taken while on the trial of the Manchuria, and made a 
direct comparison with the ordinary balance cylinder com- 
monly employed under these same conditions. All cards have 
been plotted fully, and show at a glance ¢he great superiority 

oS a properly designed assistant cylinder over the old form of 
balance cylinder, under all possible conditions, such as vary- 
ing revolutions, varying receiver pressure, etc., etc. 

It will be noticed that with the use of the ordinary balance 
cylinder the maximum pressure per square inch on all parts 
of the valve gear never falls below 51 pounds, while with the 
use of the Improved Lovekin-Thom Cylinder we have as low 
as 11.3 pounds pressure per square inch, or, approximately, 
only one-fourth that of the ordinary balance cylinder. Thus 
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810 BALANCE CYLINDERS. 


it will be seen that there is everything to gain and nothing to 
lose by its general adoption on all reciprocating valve gears. 

Further attention is directed to the relative size and weight 
of these two cylinders, which are clearly shown on this same 
sheet. 


SLIDE VALVE RESISTANCE. 
To the Editor of the “ Marine Engineer :”’ 
Dear Sir: I thank you for the data supplied in response 
to my request published in your January issue. I desire also 
to thank Mr. Jasper E. Cooper for his courtesy in sending me 


WEIGHT OF VALVE AND ReciPROcATING Parts = 9020%%. 
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the indicator cards of the Joy Assistant Cylinder, which cor-, 
respond with the data mentioned. 

I append herewith the cards and the diagrams which I have 
plotted therefrom. I will explain all the steps thoroughly, so 
that they may be easily followed and verified : 

First, divide the cards into a convenient number of parts, 
say ten, as would be done in the case of any indicator card to 
be worked up by hand. Draw a line below the atmospheric 
line to indicate absolute zero, and from this measure the ab- 
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solute pressures at each point in the stroke, both up and down, 
as given by the card. Next multiply the pressures thus ob- 
tained by the area of the piston on which they act. Thus, 
the pressures measured from the card taken from the top of 
the piston will be multiplied by 113.1 square inches, this 
being the area of a piston 12 inches in diameter. For the 
bottom card multiply by 103.48 square inches, as this is the 
effective area after deducting the area of the rod. 

We now have the absolute total pressures of steam acting 
above and below the piston at all points of the stroke. ‘These 
are the forces which the steam sets up, one opposing the other. 
There is another known force, that of gravity, which acts 
constantly downward with a force equal to the weight of the 
valve and gear. In this case the weight is 9,020 pounds. It 
is evident that this force acts with the steam pressure on top 
of the piston, so these two must be added together to give the 
total downward force. The upward force consists solely of 
the pressure of the steam below the piston. 

Proceeding now to lay out these forces in graphic form, we 
refer them to a common base line, as shown in Fig. 2. The 
pressure below the piston is plotted direct from each corre- 
sponding point in the indicator card. Of course, this is from 
the card from below the piston, and care must be taken to 
distinguish between the up and down strokes. 

In order to plot the downward pressures, first take that due 
to gravity, or 9,020 pounds, and lay that off on a parallel line 
the proper distance above the base line. This represents the 
constant downward pressure due to the weight of the gear. 
In order to get the total downward pressure we must add that 
due to the steam on top of the piston. ‘This is done in exactly 
the same manner as for the bottom steam pressure, except 
that it begins at the gravity line instead of at the base line. 

We now have the upward and downward forces laid down 
so that they may be analyzed and compared. A little study 
of the indicator cards will show that the lines correspond 
properly, and any point in question can be verified by working 
up the data given. 
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The curve on the diagram marked “Resultant” is obtained 
from the two curves of upward and downward forces by taking 
their differences at each ordinate, and measuring off that dis- 
tance from the base line. Thus it will be noticed that in 
general the total downward forces exceed the upward forces. 
This is brought out clearly in the “ Resultant” curve, which 
shows that only for a small portion of the stroke near the 
bottom does the line cross the base line, and indicate a resultant 
upward force on the eccentric strap. This resultant curve is 
easily verified by stepping off the vertical distance between 
the curves of upward and downward forces, and measuring 
that distance up or down from the base line according as the 
upward or downward forces predominate. 

Thus far the analysis has been very simple, merely a little 
arithmetic and common-sense interpretation of the indicator 
diagrams. We must now introduce the force of inertia, which 
is not generally so well understood. Yet I trust I may put 
it so that all may understand its action in this case. We know 
that a stationary body requires force to overcome its inertia 
and start it moving, and a moving body requires force to over- 
come its inertia and stop it. This is represented in the dia- 
gram by the diagonal line crossing the base line at the middle 
of the stroke. At 70 revolutions per minute it takes a force 
of over 4,000 pounds to start the valve and gear downward, 
and the same force to stop it at the end of the stroke, and 
start it up again. At the middle of the stroke the force of 
inertia becomes nothing, for here it changes from one direction 
to the other. It has been retarding the acceleration of the 
valve and gear up to this point, but now begins to resist the 
slowing down that occurs during the last half of the stroke. 
We leave the weight of the gear out of the discussion, after 
having taken care of it as previously shown by including it 
as a fixed portion of the downward forces. 

In order to locate the curve or line which indicates the 
force of inertia at each point in the stroke we must have re- 
course to higher mathematics. The expression for the valve 
of the inertia force at any point of the stroke is 
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re 
where v = radius of eccentricity, in feet, 
N = revolutions per minute, 
W = weight of valve and reciprocating parts, 
in pounds, 
G = force of gravity, equals 32.16, 
= angle made by the eccentric with the 
line of travel, 
nu = ratio of length of eccentric rod to radius 
r 


Z 


cos 24 


F cos + — 
n 


of eccentric, equals 
(Refer to Fig. 3.) 


The proof of this expression is so long that I will not attempt 
it here, except to show that it is equivalent to the expression 
“« yz cos 8 < Mass,” which Mr. Cooper used in his article. 

For all practical purposes we may assume that the ratio 
“7” of the eccentric rod to the eccentricity is so large that 


cos 24 


the fraction becomes negligible. This leaves the 


expression cos 4. 
goo G 
Now if instead of 2 z V,I take w, the angular velocity as 
taken by Mr. Cooper, and instead of V revolutions per minute 


I take 60 multiplied by “” revolutions per second, and, in- 
stead of mass, its equivalent a the fraction reduces to 7 w* 


cos 4 multiplied by mass. This is exactly the expression used 
by Mr. Cooper in his article. Now the maximum value of F, 
the force of inertia, is found when # =o degrees, or when the 
valve is at the end of its stroke. Cos # then becomes unity and 
P= or F= .0003408 r NV? W. 
g00 G 
From the data furnished by Mr. Cooper with the cards 
r = 3} inches = .292 feet, 
N = 70 revolutions per minute, 
W = 9,020 pounds. 7 


Hence F = 4,394 pounds. 
54 
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Under the assumption that i is infinitely large, the line 


indicating the inertia force is a straight line cutting the base 
line at its center and reaching the value of 4,394 pounds at 
each end of the stroke. We therefore lay off this line in the 
manner described in the diagram. 

The ideal condition is attained when the resultant of grav- 
ity and the steam forces coincide with this inertia curve, for 
then all forces are exactly balanced. 


DIAGRAM TO ILLUSTRATE FORMULA 
FOR \WERTIA FORCES 


E1\G. 3. 


How far the Joy Assistant Cylinder fails to attain this ideal 
condition is shown by the shaded area between the two lines. 
Thus, on the first half of the down stroke and the last half 
of the up stroke there is an unbalanced downward pressure of 
neatly 10,000 pounds. This is more than the weight of the 
gear, showing that the assistant cylinder not only fails to 
relieve the stress on the eccentric, but actually adds to it. 

I leave this without further comment to the consideration 
of your readers. I should be glad to hear from Mr. Cooper, 
or anyone else who can refute the facts shown up by this 
method of analysis. 

Of course it is understood that I leave friction out of the 
discussion, just as Mr. Cooper did in his analysis. Could we 
obtain a satisfactory value for that force we might change the 
unbalanced forces materially, making them less on the down 
stroke and greater still on the up stroke. 
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The fact is that the principle of admitting and exhausting 
steam, as done in the Joy Cylinder, is wrong. It often stops 
vibration, but that is because it imposes a more or less steady 
load as compared with no balance cylinder, or one of the ordi- 
nary type. The problem must be solved by a somewhat differ- 
ent action of the steam used. It can never be quite perfect, 
of course, although it is nearly so in a different type of assist- 
ant cylinder. I refer to the Lovekin-Thom improved type, as 
recently developed in America. But that is another story. 

Thanking you, sir, for the space allowed me, and trusting 
that I may hear from anyone who fails to understand my 


analysis, I remain, yours truly, 
ROBERT S. RILEY, 


(B. Sc., Extra First-Class Engineer.) 
236 West Logan Square, Philadelphia, Pa. 
March 6, 1905. 


THE LOVEKIN DIFFERENTIAL REGULATING VALVE FOR 
SUPPLYING STEAM TO A SERIES OF ASSISTANT 
CYLINDERS FROM THE H.P. RECEIVER. 


It has been observed from actual practice that the receiver 
pressure in an engine varies approximately as the square of 
the revolutions. This is exactly the relation that is desired 
in the Lovekin-Thom Assistant Cylinders, viz: the pressure 
should vary as the inertia. Hence an ordinary reducing valve 
for keeping a constant pressure would be unsuitable except at 
one particular speed. On the other hand, the differential re- 
ducing valve is suitable at all speeds, for it will be seen upon 
examination that the pressure delivered by the valve bears a 
constant ratio to the receiver pressure from which the supply 
is taken. This ratio is fixed by the relative areas of the dif- 
ferential piston which operates the valve. It is much simpler 
than any other type of reducing valve; there is only one 
moving part, and nothing to get out of order. 

The great advantage in using a valve of this type is that 
it enables us to reduce both the weight and the cost of the 
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assistant cylinders themselves where we have a series of 
cylinders of the same size and requiring the same pressure to 
each one. This is particularly noticeable in the cases of the 
cruiser Washington and the battleships Kansas and New 
Hampshire of the United States Navy. Each of these vessels 
have two four-cylinder triple-expansion engines, each engine 
having seven piston valves. The main parts of the valve 
gear, viz: eccentrics, eccentric straps, eccentric rods, links 
and blocks, valve rods and suspension rods, are interchange- 
able, and even the valves are of the same size on the inter- 
mediate- and low-pressure engines. Hence, we have practi- 
cally the same inertia and gravity to overcome in each case, 
which means that all the assistant cylinders may be of the 
same diameter. It will be very apparent to all engineers that 
the cost of patterns will be greatly reduced under these con- 
ditions. 

This regulating valve can be placed on the high-pressure re- 
ceiver, which will necessarily give the highest and also the 
most definite pressure for maximum running conditions of the 
engine. Where there is cnly one cylinder to be supplied, such 
as in the case of the Manchuria low-pressure valve gear, all 
we need is a pipe led from the most suitable receiver direct to 
the assistant cylinder. This pressure is chosen while the 
diagram is being made, so as to give the best possible results, 
and in the case of the M/anchurza it was found that the first 
intermediate receiver was the most suitable. 

‘With the sleeve type of assistant cylinder as fitted on the 
Steamship 7exan and also the second M.P. valve gear of the 
Manchuria, no pipes whatever were required. Each cylinder 
was supplied with steam from its own receiver, and was placed 
directly over the valve chest in a similar manner to the ordi- 
nary balance cylinder. It is very important to know that in 
no case can an assistant cylinder of proper design be placed on 
a valve gear, without having first worked out the necessary 
diagram for the particular case in hand, and no decision can be 
given as to which form of assistant cylinder is best suited to 
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meet the ever-varying requirements, until such diagram has 
been accurately made and all the conditions fully considered. 

In conclusion, I would state that no engine builder or de- 
signer would consider for a moment the running of a recipro- 
cating engine without having first made Jrovision for proper 
compression at the top and bottom of the stroke. Why, then, 
should not a valve gear receive its proper consideration and 
thus save the engineer many worries at sea, without men- 
tioning the expense repairs, such as relining the eccentric 
sheaves with white metal, and the continual adjustment of 
the valve gear, all of which can be corrected by the proper 
use of these cylinders ? 


819 


BALANCE CYLINDERS. 


Livy, 


LBS. GALVGE PRESS. 


ows 
H 

4 
WON 


n 


RS 


4S 2 


z 


STEAM TO A SERIES OF ASSISTANT CYLINDERS 
FROM THE H.P. RECEIVER. 


THE LOVEKIN DIFFERENTIAL REGULATING VALVE FOR SUPPLYING 


aa?) ASSISTR NT | 
CYLINDERS. 
\ 
} 
RECEIVE 
4 


820 THE VALUE OF THE FLAME OF COMBUSTIBLES. 


THE VALUE OF THE FLAME OF COMBUSTIBLES. 


By P. MAHLER, CIVIL ENGINEER OF MINES. 


Translated from the ‘‘Revue Universelle des Mines,’’ by B. F. IsHERWOOD, 
Chief Engineer, U. S. Navy. 


1.—VALUE OF FLAME COMBUSTIBLES. 


The calorific power and the chemical compositions are, in 
general, sufficient elements of comparison between natural 
combustibles. These data permit, notably, the calculation of 
the value of flames, and the question may be asked whether 
this calculation has any practical utility. 

The value of the flame of a combustible is the same thing 
as its temperature of combustion under constant pressure. It 
is measured by the thermometric degrees through which the 
gaseous products of the combustion are raised, supposing them 
to be heated by all the heat due to the combustion and solely 
by that heat. It must also be admitted that the combustion 
is complete and that it is realized by the aid of air under the 
atmospheric pressure, always nearly constant, as it takes place 
on grates. 

The preceding definition is in accord as much as possible 
with industrial conditions; but, in fact, the temperature of 
combustion is a theoretical number, defining with precision a 
‘limit that practical industry cannot exceed with any given 
combustible and for the given bodies to be heated, and it seems 
interesting to compare different coals from this point of view. 

The calorimetrical bomb and the elementary analysis hav- 
ing supplied* me with the necessary data for the calculation 
of temperatures of combustion, I have determined the value 
of the flames of a complete series of combustibles. 


Etude sur les Combustibles,’’ by P. Mahler, 1903, published by 
Beranger. 
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Il.—DETERMINATION OF THE TEMPERATURE OF COMBUSTION. 


The determination of the temperature of combustion is done 
without difficulty, and the method I have followed is an old 
one. Nevertheless, I will cite the principal points, because 
they can be of service to engineers in many cases, as in the 
examination of the functioning of furnaces,* and of the eco- 
nomic results of gas motors calculated from the temperature 
of detonation of an explosive, etc. 

Be g the calorific power of unit of weight of a combustible 
under constant pressure. Be C,, the mean specific heat + 
between O and 7, absolute temperature of any one of the 
gases whatever composing the gases of combustion ; let it be 
taken in relation to the weight of the gas which occupies a 
volume equal to 22.3 liters. Be Mthe number of molecules 
(22.3 liters) of this gas resulting from the combustion. As the 
energy of a gaseous mass depends wholly on its temperature, 
and as the coal in question is burned at a temperature very near 
o° C. or Z,, the heating due to the combustion between T° 
and 7; is, according to our hypothesis, united closely to the 
calorific power by the expression 


2 N(CaT, — 


~ signifying that the gases of combustion are a mixture of 
several gases for which WV and C,, have special values. 
The analysis of the combustible gives NV, and if C,, were 
constant, we could easily deduce from the above equation 7,, 
since the temperature sought for 6 = 7,— 273° in Centrigrade 
degrees. 
But the problem is more complex. Messieurs Millard and 


* “Te Chauffage Industriel,’? by Mr. E. Damour. 
+ dq being the elementary heating of 1 kilogramme, the true specific heat 
at the temperature ¢ is 


by definition. 
Between the true heat and the mean heat from o to ¢, we have, in general, 


the relation : 
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Le Chatelier have demonstrated that the specific heat of the 
gases of combustion increase with their temperature, this 
phenomenon becoming very sensible at high temperatures. 
According to these physicists it should be represented by a 


function 


The calculation of 7, and, consequently, of 6, depends then 
on an equation of the second degree : 


g=2N[(4+ 87) —(@+ T] 


Messieurs Mallard and Le Chatelier have deduced from 
their experiments the values of a and of f relative to the dif- 
ferent gases. * 

I ought to say that in these later days certain very exclu- 
sive partisans of the law of Clausius regarding specific heats 
have contested the law of increase shown by Messieurs Ber- 
thelot and Vieille and by Messieurs Mallard and Le Chatelier. 
The law of increase, nevertheless, does not for this reason 
appear any less conformable to the truth. And if we reflect 
on the considerable difference existing between the tempera- 
tures of combustion calculated according to this law and the 
highest temperatures obtained in the best industrial furnaces 
(Martin-Siemens’ furnace, 1,600°), we may even suppose—for 
the effect of the dissociation is feeble—that*the increases re- 
sulting from the known experiments are inferior to the truth. 

Under any circumstances the exactness of the experiments 
of Messieurs Mallard and Le Chatelier certainly surpass the 
precision I need for the comparative investigation that is the 
subject of this note. 

Which being premised, we will now return to the calcula- 


* Researches, experimental and theoretical, on the combustion of explosive 
gaseous mixtures ; third memoir on the temperatures of combustion and the 
specific heats of gases at high temperatures, by E. Mallard and H. Le Chate- 
lier (‘‘Annales des Mines,’’ 1885). 

Report on the study of the questions relative to the use of explosives in 
presence of grisou (fire damp); temperature of detonation; by E. Mallard 
{‘‘Annales des Mines,’’ 1888). 


we 
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tion of the temperature of combustion of coals and of other 
natural combustibles. 

The gases of combustion comprise in general only perfect 
gases such as azote, and incidentally the oxide of carbon, and 
the condensed gases steam and carbonic acid. Relatively to 
the perfect gases, the remark must be made that their specific 
heats are nearly equal at all temperatures between the ordinary 
atmospheric temperatures and the temperature 3,000°. 

According to the above physicists the following are the co- 
efficients for the above gases : * 


6.5 1,0007" 
Perfect gases | 


= 0.6 X 1,000~% 
a= 6.5 1,0007" 
= 2.9 X 1,000~ 
a= 6.5 1,0007~' 
\ 2 = 3-7 X 1,000 


Superheated steam { 
Carbonic acid 
From these result the following expressions of the heating 


of a molecule of the above gases from 7, to 7, in large 
calories. t 


*** Cours de Chimie Industrielle,” by H. Le Chatelier. 

+ There may be needed the expression of the heating of a constant volume ; 
for example, for the calculation of the temperatures of detonation, and also for 
the study of gas motors. 

In this case, the coefficients of [7,? — 7,2] are the same as above, and the 
coefficient of [7 — 7, ] is solely 


There may be also need of the heating of a molecule of methane, as follows : 


at constant volume. 

The difference between the heating at constant volume results from the 
difference between the two specific heats [Cp, Cv] a difference due to the 
quantity of heat absorbed by the work of dilation accompanying the increase 
of temperature. 

We know, in fact, that the two heats of the heating are connected by the 
expression ; 


v 
Vo 
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The values of the heating of one molecule of gas and 
the knowledge of the numbers NV of molecules disengaged 
by the combustion, enables us to translate into figures the 
equation (2). Further, this equation will give directly the 
heat of combustion sought for in degrees centigrade ; if we put 


T= 273; + 273, 
it becomes then 


2. 
’ ’ 


in large calories, and we can solve it algebraically. But when 
we have to determine a great number of temperatures, as in 
this investigation, it is preferable to employ the following 
artifice : 

Briefly, it consists in finding a positive value of 9, so that 
the number of calories expressed by ¥ equals the number of 
calories g of the calorific power. 

Arrange then the table of the heating of one gaseous molecule 
from 0° to 100, 200° C., etc., from 100 to 100° for example. 
Extend the table to the perfect gases, to superheated steam, 
and to carbonic acid. This operation is easy by means of the 


Taking account of the equation pv = R7 and the definitions of Q and of g, 
there exists between the two specific heats at constant pressure and constant 
volume. 

(Gp — Cv) (T, — To) = (0; — 2%) = (T,—T), 
or between the molecular heats : 
0 
Apov® 
273 
Taking as units the kilogram and the decimeter : 
I I 
A= 4,260" p = 103.33, Vo = 22,300, 1.98, 


about two calories. 
Z,* 


Perfect gases, 
T.2—T2 
Superheated steam, = 6.5 + 2.9 
Te 2 

Carbonic acid, g=6.5 Nek + 3-7 


v 
I= 2N 
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formulas we have given. Further, the calculation can be very 
rapidly made ; the squares 


[7+ 100]’, + 200° ]’, 300°], 


etc., are immediately deduced, one from the other. 

The numbers J, on the other part, being known, it is very 
evident that the table in question enables the value of the 
total heating of the residue of combustion (azote, carbonic 
acid, superheated steam), corresponding to 100, 200° C., etc. 

Also, as we have always an idea approximately of the tem- 
perature sought for, it suffices to calculate the value of » for 
temperatures near 9, in order to determine the quantities of 
heat g, and g,, such as 


9< 8, + I00., 


The temperature sought for is comprised between 9 and 
6, + 100, it differs from 6, by a quantity ZA, = 6, + E£. 
Now 2 is easily calculated with sufficient precision. 

In fact, betwen 6 and 9,, + 100 there can be admitted that 
the increase of the temperature is proportional to the increase 
in the quantity of heat, and that, in this interval, 1 calorie 
corresponds to an augmentation of temperature: 


£, which corresponds to an increase of heat g — q,, is, under 
these conditions, represented by 


100 
and the approximate value of 6 is 
i+ 


The solution is not rigorous, but a greater exactness is 
useless, 


A further reproach to this method of determination is 
that .it does not take into account the dissociation of the 
superheated steam and of the carbonic acid. Regarding 
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this objection, however, there may be stated that the disso- 
ciation of the superheated steam between 0° and 2,500° has 
a negligible influence. The effect of the dissociation of 
the carbonic acid is, also, practically but little sensible up 
to 2,000°, a temperature near which are grouped the most 
part of the numbers that I give later on. Two of these 
numbers are near 2,500°, and it is proper to say that the 
coefficients of dissociation of the carbonic acid seem to have 
a real importance in the neighborhood of that temperature.* 


1I.—-TABLE OF THE HEATINGS IN CALORIES. 
The table of the heatings of the molecular volume of the 
gases is a useful document for many purposes. I think it 


Heatings in calories of the molecular volume of gases from o degree centi- 
grade to 3,000 degrees centigrade (under constant pressure.) 


The molecular volume corresponds to 22.32 liters. The molecules are repr d by the symbols 
As*, O?, H*, CO, CO*. 


Azote, oxygen, 
oxide of carbon, 
hydrogen. 
Superheated 
Temperatures, 
degrees centi- 
Azote, oxygen, 
oxide of carbon, 
hydrogen, 
Superheated 
Carbonic acid. 


Carbonic acid. 


Bo 
= 

oY 
Bg 


23.09 
25.18 
27.31 
29.55 
31.83 
34.18 
36.64 
39.14 
41.75 
44.40 
47.16 
49.96 
52.87 
55.81 
58.86 


*The coefficient of dissociation is the proportion of the gas dissociated to 
that which would exist if the decomposition were complete. For carbonic 
acid, and at 2,500°, these coefficients are approximately 0.2 (pressure of 1 
atmosphere), 0.4 (pressure of ;; of an atmosphere), etc. 

See Experimental Researches on Chemical Equilibriums, by Le Chatelier, 
‘‘Annales des Mines,’’ 1888. 


fe) 0.00 0.00 | 0.00 | 1,600 | 12.46 | 20.35 
100 | 0.68 0.83 | 0.87 || 1,700 13.34 22.13 
200 | 1.39 1.73 | 1.85 || 1,800 14.23 23.93 
300 | 2.10 2.67 | 2.87 || 1,900 15.14 25.83 
400 | 2.82 3.69 3-99 | 2,000 16.05 27.76 
500 | 3.56 4.76 5-17 || 2,100 16.98 29.74 
600 4.31 5.89 6.44 2,200 17.92 31.81 
700 5-07 7.07 7:77. || 2,300 18.87 33-91 
800 5.85 8.30 g.16 || 2,400 19.84 36.10 
goo 6.63 9.62 10.66 | 2,500 20.51 38.32 
1,000 7.43 10.98 | 12.12 || 2,6co 21.80 40.62 
1,100 8.24 12.40 | 13.85 2,700 22 80 42.95 
; 1,200 9.05 13.87 15.55 | 2,800 23.82 45-37 
1,300 9.89 | 15.41 | 17.33 2,900 24.84 47.82 
1,400 10.73 17.00 19.18 3,000 25.88 50.35 
1,500 11.59 18.65 21.11 
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beneficial to publish the one which I have used; its figures 
have been carefully collated, and it is more extensive and 
nearer complete than the most part of those heretofore 
published. 


1Il—EXAMPLES OF DETERMINATION OF HEATS OF COMBUSTION, 


Our hypotheses suppose that the combustibles are burned 
under the normal atmospheric pressure and with the aid of 
air, at the temperature of 0° C. 

One hundred volumes of air decompose into about 80 
volumes of azote and 20 volumes of oxygen. Consequently, 
if a molecular volume of oxygen, O”, is necessary for the 
burning of a certain combustible, the gas resulting from the 
operation will comprise, specially, 4 molecular volumes of 
azote or 442’. 

In order to commence, take the simplest case, that of the 
combustion of hydrogen. 

(1) Temperature of Combustion of Hydrogen.—According 
to the above conventions, the combustion of hydrogen in cold 
air will be expressed as follows : 


Ht+ + 2Az* = 2Az* + gas, + 58.2 calories. 


The residue of the combustion of 1 molecule (or 2 grams) 
of hydrogen comprises, then, 2 molecules of azote and 1 
molecule of vaporized water. The heat disengaged by the 
reaction is 58.2 calories = g. 

By referring this to the table of molecular heatings, there 
are easily obtained the values of 2 at about the anticipated 
temperature 9 of combustion. 


Heating at (degrees), 1,800 1,900 2,000 
Of 2 molecules of azote, 2 14.23 == 28.46 2 15.14 = 30.28 2 16.05 = 32.10 
Of 1 molecule of steam, == 23,93 25.83 27.76 


52.39 


The temperature sought for is, then, between 1,900° and 
2,000° C., corresponding respectively to the heatings in calo- 
ries'56.11 and 59.86. Finally, we have, by applying the 
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formula established above and taking account that g—58.2 
calories, 

Core) 
= 1,900 + (¢ 
or, in round numbers, 1,960° C. 

We should find for the oxide of carbon, very approximately, 
2,100° C., the flame of oxide of carbon is, then, hotter than 
the flame of hydrogen. 

(2) Temperature of the Combustion of a Peat.—Analysis of 
100 grams of the specimen remaining after abstraction of ash 
and hygroscopic water : 


= 1,900 + 2.09 = = 1,956° C., 


100,00 


Calorific power, water vaporized, 5,590 calories, corresponding for 100 grams 
to 559 calories. 


The gases resulting from the combustion of 100 grams, in 
air, of this peat comprise carbonic acid, water vaporized, and 
azote, of which the above analysis permits the determination 
of the number 4 of molecular volumes. 

The proportion of carbonic acid is deduced from its tenor 
in carbon, as we know that 12 grams of carbon give, in burn- 
ing, a molecular volume of carbonic acid, there will be in the 
gases of combustion 


57-21 
12 


= 4.76 


volumes of carbonic acid. 
Similarly, since 2 grams of hydrogen produce a molecule 
of water, the proportion of water vaporized will be 


5-69 


2.84 


volumes. 
To calculate the azote, it is necessary to proportion it to the 
quantity of oxygen strictly utilized for the combustion. 


THE VALUE OF THE FLAME OF COMBUSTIBLES. 829 
Volumes of 
oxygen. 
Now, with 4.76 volumes of carbonic acid, there are combined............ 4.76 
And, with 2.84 volumes of water vaporized, there are combined........ 1.42 


Deducting from this sum the corresponding volume of 
oxygen pre-existing in the peat 


=) 1.16, 


and neglecting the small quantity of azote which accompanies 
this body in the peat, it becomes 6.18 — 1.16 = 5.02, or about 
5 volumes. Five molecular volumes of oxygen are then 
necessary to burn the peat in question ; these 5 volumes cor- 
respond to 25 volumes of air, containing 20 volumes of azote 
which pass unchanged into the gases of combustion. 

To sum up: The residue of combustion will have the fol- 
lowing composition in molecular volumes : 


Volumes, 

27.60 


Possessing thus the numbers WV of gaseous molecules, we 
determine in the following manner the values of 3 in the 
neigborhood of the temperature of combustion sought for : 


Heatings at (degrees) — 1,900. 2,000, 2,100. 2,500. 2,600, 
Of 20.00 volumes of azote.. 302.80 321.00 339.60 416.20 436.00 
Of 2.84 volumes of steam... 73.35 78.83 84.46 108.80 115.40 
Of 4.76 volumes of carbonic 
140.65 I51.51 162.69 211.34 224.50 


516.80 9, =551.34 72 = 586.75 736.34 775-90 


As on the other part, g = 559, the temperature of combus- 
tion sought for is visibly placed between 2,000° and 2,100°, 
we have, finally, with very close approximation, 


8 = 2,000 + (559 — 551) 
55 


2,020° C. 
587 — 551 
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The values above of the heatings at 2,500° and at 2,600° 
enable an idea to be had of the influence that would be exerted 
on the value of the flame by the previous heating of the air 
to 1,000° for example. In this hypothesis, the quantity ¢ 
would be formed not only of the number of calories due to the 
heat of the combustion, but also of the number of calories car- 
ried by 25 volumes of air heated to 1,000°, g = 559 + 25 X 
7.43; according to the table of the heatings g = 559 + 186 = 
745 calories. Completing the calculation, we find 6 = 2,520°. 
The previous heating of the air to 1,000° has raised the tem- 
perature of combustion about 500° C. 

(3) Temperature of Combustion of a Coal._—Take, for ex- 
ample, the coal of Treuil (St. Etienne). 

The elementary analysis of this coal has given abstraction 
made of ash and hygroscopic water :* 

Supposing the water resulting from the combustion to be 
vaporized, the calorific power is 8,580 calories. 

The method of calculation employed for the peat is here 
applicable without modification. We find, notably in the gas- 
eous residue, the following composition in molecular volumes : 


corresponding to 42.50 volumes of air used in the combustion. 
Value of the flame (cold air), degrees...................0..--seerceceseserses sosees 2,010 
Value of the flame (air at 1,000 degrees), degrees............-sssseccesseeees 2,570 


I add that the reader will find other examples, notably in 
what concerns gaseous combustibles, in Mr. Damour’s book, 
already cited. 


* Combustibles, such as coal and peat, always contain a certain quantity 
of hygroscopic water which passes entirely into the gases of combustion. 
It is very easy to take account of this water in the calculation of the tem- 
perature, 
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IV.—RESULTS OF CALCULATIONS. 


I have applied the preceding method to the calculation of 
the value of the flame of a certain number of combustibles. 
In order to render more easy the comparison of the results, I 
have supposed these combustibles to be deprived of their ash 
and hygroscopic water. 

I have taken the elementary analyses and the calorific 
powers from pages 54, 59 and 80 of my work, entitled “ Etudes 
sur les Combustibles.”” The following table gives the figures 
obtained. 

The value of the flame varies very little from one combus- 
tible to another. The mean of sixteen enumerated is 1,986°, 
and it seems that the round number 2,000° can be adopted as 
representing the theoretical temperature of combustion of any 
combustible whatever of vegetable origin. As absolutely 
rigorous constants could not be obtained for the process I have 
described, a more precise number is useless. 


Calorific power. 


| 
Value 
Designation of the combustibles. | Wetec... | Water the 
| condensed. vaporized. 
Calories. Calories. Degrees, C. 
Peat: BORCMIR, 5,900 5,590 2,020 
Trott 6,650 6,370 1,960 
Flaming coal from Blanzy (Ste. Marie)..... 8,350 8,060 1,990 
Flaming coal from Decazeville (Tramont).., 7,840 7,530 I, 
Oxidized coal from Commentry............... | 6,380 6,200 1,960 
Gas coal from Commentry....... eed 8,410 8,110 1,950 
Gas coal from Béthune........ savnsencal 8,670 8,380 1,990 
Gas coal from LeMb........cccccccscsoccccccccccees 8,740 8,450 2,010 
Fat coal from St. Etienne (Treuil)........... 8,860 8,580 2,010 
Marechale coal from Roche-la-Moleire...... 8,860 8,600 2,030 
Semi-fat coal from d’Anzin (St. Marc)......, 8,660 $430.. | 1; 
Anthracite coal from 8,460 8,290 2,030 
Anthracite coal from Kebao.................-.: 8,530 8,370 2,020 
Anthracite coal from Creusot...... acai ion 8,690 8,480 2,010 
Anthracite coal from Pennsylvania..........) 8,266 8,140 2,000 


The value which, in the above table, is the farthest from 
the mean of 2,000°, is that of oak—1,865°. 

The temperatures which are the farthest removed in excess 
from the mean 2,000° are, in general, those of the anthracite 
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coal. The popular opinion has always been that anthracite 
has a hotter flame than coal. The relative value of the flames 
sustains this opinion. 

To the results in the above table can be added those which 
I have found for different liquid combustibles, as follows : 


Ethylic alcohol and methylic alcohol, 1,700 
Crude American petroleum ............. 2,000 degrees, (calorific power, 10,400. ) 
Essence of American petroleum........1,910 degrees, (calorific power, 10,270, ) 
Refined American petroleum oil...... 1,660 degrees, (calorific power, 10,280. ) 


Finally, below will be found the temperatures of combus- 
tion of several gases under constant pressure: 


An examination of the numbers grouped in this work shows 
the apparently paradoxical appearance that of two combus- 
tibles, the one having the greatest calorific power is not neces- 
sarily the one having the hottest flame. 

The flame of the essence of petroleum is relatively cold. 
The flame of the sample of peat appears hotter than that of 
the coal of the Treuil, the calorific power of which is excel- 
lent. The flame of the oxidized coal from Commentry is a 
little better than that of the same coal not deteriorated. 

Moreover, everything occurs in all cases, and, notably, for 
the combustibles of vegetable origin, as if the elements of the 
temperature of combustion, calorific power, elementary com- 
position, volume and composition of the gases of combustion, 
compensated each other so as to give to all the combustibles 
flames of very nearly the same thermometric degrees of tem- 
perature. 

This, however, does not lessen the advantages due to the 
high calorific power of good coals, and which is the true 


*According to Mr. A. Sainte-Claire Deville (Société Technique de l’Industrie du Gaz,’’ 1903.) 
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measure of their value, since the flame utilizable of a coal is a 
great deal more voluminous than that of a peat, a very much 
oxidized matter, the combustion of which requires but very 
little air. 

We have seen, for example, that the combustion of 100 
grams of Bohemian peat corresponds to the disengagement of 
28 volumes of gases of combustion at 2,000°, while the gas- 
eous residue of the coal from the Treuil attains 44 units* at 
the same temperature. 


* The use of hot air for improving the flame, from the thermometric point 
of view, is certainly more efficacious in the furnaces in which coal is burned 
than in those in which an inferior combustible is burned. 


—Reprinted from “Journal of the Franklin Institute.” 
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TEST OF THE MACHINERY OF THE /AMES C. 
WALLACE UNDER SUPERHEATED 
AND SATURATED STEAM. 


By COMMANDER W. W. WHITE, U. S. N. (RETIRED), 
MEMBER. 


The economical advantages in using superheated steam 
have been recognized for many years, but not until recently 
has steam engine and steam turbine construction advanced to 
the point where, from a practical standpoint, the ill effects 
met with in past years have been overcome. Formerly, the 
impossibility of obtaining satisfactory metallic and other 
packing for rods and joints subjected to high temperatures, 
with the numerous attendant evils, as well as a proper cylin- 
der lubricant, served to delay its general use. Of late years, 
however, such difficulties have largely disappeared, and in 
modern practice a temperature of 500 degrees Fahrenheit is 
readily and successfully handled in steam engines. In foreign 
countries, notably in Germany, a much higher degree of 
superheat is being used, but the limit, thus far, in the United 
States appears to be as stated. This, no doubt, results from 
the additional expense involved in up-keep incidental to high 
temperatures. 

For the purpose of securing comparative data with super- 
heated and saturated steam, used in the same engine, and by 
courtesy of the Acme Steamship Company on the Great 
Lakes, a Board was appointed, under instructions from the 
Bureau of Steam Engineering, to carry out tests of machinery 
on the steamer James C. Wallace. ‘This vessel, which is one 
of the largest freighters on the Lakes, has lately been put into 
service. She is equipped with two Babcock & Wilcox marine 
water-tubular boilers with superheaters, and the arrangement 
is such that the latter may be dispensed with by a few simple 
changes, and saturated steam used. 


i 
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The Board was composed of Commander W. W. White, 
U. S. N. (Retired); Lieutenant Commander B. C. Bryan, 
U. S. N., and Lieutenant H. T. Winston, U. S. N. 

A description of this vessel appeared in the JouRNAL, Vol. 
XVII, page 579. It will be only necessary, therefore, to 
repeat here the principal dimensions. 


HULL. 


The hull is of mild steel and was built by the American 
Shipbuilding Company, of Cleveland, Ohio. A cargo hold, 
hopper shaped, with girder arches, and without bulkheads, 
divisions or stanchions, constitutes an important departure and 
improvement in design. This hopper extends 408 feet in 
length, and measures 47 feet at the top and 29 feet at the 
bottom. The adoption of this construction makes it possible, 
by the use of automatic clams, to unload cargo without hand 
shoveling. 


Length over all, feet.......... 552 
Number of cargo 32 
Capacity Of Water senses 8,000 
Coal bunker capacity, about, 350 


MACHINERY. 


The propelling machinery, as is usual in Lake vessels, is 
placed in the extreme after part of the vessel. The boilers 
are immediately forward of the engine, with an athwartship 
coal bunker forward of the boiler-room bulkhead. 


ENGINE. 


The main engine is of the quadruple-expansion, vertical, 
direct-acting, inverted, jet-condensing type. One piston valve, 
actuated by a Joy valve gear, is fitted on the side for each of 
the high, first and second intermediate-pressure cylinders. 
The low-pressure valve is a double-ported slide, placed on the 
after side of the cylinder and operated by eccentrics and a 
double-bar Stephenson link. All cylinders are unjacketed. 
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Number of cylinders....... 4 
284 
434 

Diameter of piston rods (one for each cylinder), inches.................... 5% 
Order of cylinders from forward: (1) H.P.; (2) 1st I.P.; (3) 2d I.P.; (4) L.P. 


AUXILIARY MACHINERY. 


The following shows the important dimensions of the aux- 
iliary machinery in use during the tests, all of which is inde- 
pendent of the main engine. In addition, in Test II, two fire- 
room blowers (double simple engine 6 inches < 5 inches), and 
two small duplex pumps (2 inches < 1}.inches < 1}? inches 
stroke), which furnished water circulation through the blower 
bearings, were in operation. 


| Diameter of 
| eylinders. 
Purpose. Make. Type. | Po 
I Mainairpump. Blake. Vertical compound. 12 | 20 (24 | 18 
1 Mainfeed pump. Blake. | Horizontal, compound, 6 10 | 5 | 10 
duplex plunger. | 
1 | Waterservice pump. Blake. Horizontal duplex. —_... | 44| 3%) 4 
I Bilge pump. Blake. Horizontal duplex. - | 74) 84) 6 
I Stoker engine. | Vertical, one-cyl., simple. | | 64) .. 6 


A feed-water heater is fitted in the engine room, into which 
all auxiliaries exhaust. The heater is cylindrical, with 2-inch 
tubes, through which the feed water is forced in its passage 
to the boilers. No attempt was made to determine the power 
of any of the auxiliaries in use. 


BOILERS. 


Steam is supplied by two Babcock & Wilcox boilers of the 
latest type, designed for a pressure of 250 pounds, with super- 
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heaters and stokers. Plate I shows a sectional, and Plate II 
a front view of one of the boilers. 

The superheater, it will be observed, consists of an upper 
and lower cross box having a number of bent tubes expanded 
intothem. Steam, after being generated, is led from the drum 
by an outside pipe to the forward end of the superheater. After 
passing through the latter, it is directed through another out- 
side pipe, at the after end, to the main steam pipe. One par- 
tition is placed in each cross box, thus causing the steam to 
flow three times from one box to the other in its passage from 
inlet to outlet. 

Suitable valves are installed in the piping, so that the gen- 
erated steam may be sent either through the superheater, or, 
if desired, directly to the main steam line. 


including projection of soker, feet... 14 
Height of boiler to top of drum, feet. ..........ceeccesesseeeeeseseseeerseeeeeees 15 
superheater, feet and inches...............00++- 15- 8 
Length over heads, feet and inches 13- 5 
Thickness of shell plates, 48 
Diameter of boiler tubes, inches......... 4 
Length of tubes between headers, feet..............sccccsssersseserserseesssees Io 
Number of sections wide, each boiler... 18 
including cide sactions. 20 
Diameter of superheater tubes, inches..........cccesecceeeeecceeeecereeceeees 2 
Tisicksionn of 10 B. W. G. 
Square feet of grate surface, each boiler ................cccsscessersssceseeeens 74 
heating surface, each boiler..................cccssecessseeseees 2,900 
superheating surface, each boiler...........sscescecceeseees 414 
including superheater. 1044.78 
STOKERS. 


Each boiler is provided with two chain stokers of the Crowe 
pattern, all driven by a single-cylinder engine 6} inches x 6 
inches (installed in the engine room and run at constant speed) 
through shafting, sprocket wheels, chain, eccentrics, &c. The 
speed of each stoker grate is independently controlled by an 
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Plate I.—Bascock & W11cox BOILERS, S. 
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adjustable ratchet device, and its rate of travel is regulated, 
as frequently as circumstances require, in order to maintain 
steam at the proper pressure. Coal is fed into hoppers, at the 
front of the boilers, the thickness of the fire being governed 
by an adjustable plate extending across the width of the grate. 
The speed of the grate should be such that the coal, in pass- 
ing from front to back, is entirely consumed. Ashes and 
clinkers are dumped and removed at the back of the boilers. 

It may not be out of place to note here that the stokers 
worked perfectly during the entire trip, and so easily was the 
regulation of the coal supplied the furnaces controlled, that 
fluctuations in steam pressure were but slight indeed. No 
smoke issued from the smoke pipe at any time. 

Where, as is the case on the Wallace, the steam supply 
demanded, and, consequently, the speed developed, is fixed, 
and only changeable within narrow limits, there can be no 
question as to the decided superiority of stokers over hand 
firing from every standpoint. Moreover, practical experience 
with stokers fitted to boilers of Lake steamers during the past 
few years has resulted in improving the mechanical construc- 
tion to such an extent that breakdowns are rare, and when 
they do occur, are usually readily and quickly remedied. In 
view of this success, the advisability of equipping at least one- 
half the boiler plant of men-of-war with stokers is worthy of 
serious consideration; flexibility could be provided for by 
hand firing on the remaining boilers. 


COAL. 


The coal used during the entire trip was western Pennsyl- 
vania bituminous slack, loaded at Ashtabula. On each test 
an average sample was secured and sealed in a jar for deter- 
mination, at a convenient time, of moisture, heat value, &c. 

Three samples have been examined, and the heat value in 
British thermal units (by Mahler bomb calorimeter) per pound 
of dry coal, and proximate analyses are recorded below : 
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B.T.U. Percentages of dry coal. 
Volatile matter. Fixed carbon, Ash. 
Sample No. 1, . 13,466 29.23 59-53 I1.23 
Sample No. 2, . 13,499 28.37 57-51 14.42 
Sample No. 3, - 13,593 28.60 60.63 10.77 
Average, i - 13,519 28.73 59.22 12.14 


DESCRIPTION OF TESTS. 


For comparison, two tests (tables I and II) were made with 
the superheater in operation, and two (tables III and IV) with 
saturated steam, the superheater being entirely blocked off 
and cut out. During all tests, the coal was carefully weighed, 
the main engine indicated, and the important engine and 
fire-room data recorded half hourly. The water evaporated 
was not weighed, as the facilities for doing so were lacking. 
This is to be regretted, since valuable information regarding 
steam economy of the main engine under the different condi- 
tions was not obtainable. 

A blower, having a central inlet and discharging at its peri- 
phery, is fitted (see plates III and IV) at the back and over 
each boiler, to handle the products of combustion after passing 
through the boiler. In the ordinary steaming of the ship these 
blowers are used, as the draft is thus under complete control, 
and entirely independent of weather conditions. These blowers, 
however, are not an absolute necessity, and may or may not 
be used. 

Plate III is an outline sketch of the boiler, in which is indi- 
cated the path of the products of combustion with the super- 
heater in operation. As shown, a damper is provided in the 
uptake, which is kept closed or open, depending on whether 
the blowers are running or stopped. Of the two tests with 
superheated steam, the first was conducted with the blowers 
stopped, and the second with blowers (plate III) running. 
Both of these tests were made on the up trip of the vessel 
(Ashtabula, Ohio, to Duluth, Minn.) with no cargo, but with 
water ballast. 
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SUMMARY OF TESTS. 


Test III. 


Test I. | Test II. 


8 6 8 6 
Super- | Super- Satu- Satu- 
heated. | heated. rated. rated. 


Steam pressures, gauge: 


At ENGINES. 233-7 240.4 234.6 237.8 
At first 94.2 95-4 101.2 90.2 
At second receiver.........ceceeseeee: 34.1 34-3 38 33-5 
Mt 9.96 9-74 11.63 10.12 
Vacuum, 24.5 24.9 24.6 24.6 
Revolutions per minute...............++ 79 79.6 80.3 | 77 
Cut off in cyls., per cent. of stroke :* 
HP. +574 -574 -504 
First I.P. cylinder..... ia .659 .659 +.647 -698 
Second I.P. cylinder.................. -598 .598 +.606 -64 


Mean effective pressures : 
90.36 gI.2 85.9 82.77 
36.39 35-7 40.87 36.37 
Second I.P. cylinder..............000 16.06 16.78 18.44 17.27 


Indicated horsepower : 
389.7 397.1 377.8 348.6 
Second I.P. cylinder ................. 396.7 413.1 461.6 412.5 


Moisture in per cent........ .89 
Per hr., as fired, pounds............... 2,362.5 | 2,616.7 /|3,137.5 2,700 
Per hr. per I.H.P. reer Ibs..... 1.515 1.646 1.803 1.764 
Per hr. per I.H.P. (dry), pounds.. 1.464 1.598 1.747 1.713 
Perhr. per sq. ft. grate (moist), lbs} 15.96 17.68 21.2 18.24 


Per cent. of ashes in coal............ 19.87 15.32 17.8 14.4 
Natural. | Induced. | Natural. | Natural. 
Draft (ins. water), base of smokpipe 22 42 24 22 


Temp. at base of smokepipe, deg. F..) 485.3 499.6 557-1 553-5 


* As determined from indicator cards. 


+ At x1’02 A. M. cut offs changed as follows: first 1.P., .705; second I.P., 671; L.P., .575. 


At Duluth, while loading with iron ore, the baffle marked 
C-D (plate III) was removed from both boilers, and an addi- 
tional fire-brick baffle laid on the upper row of 4-inch tubes, as 
shown on A-B (plate IV). Under the changed conditions, it 
will be noted (plate IV) that the products of combustion no 
longer circulated around the superheater tubes. By opening 
the communicating valves between drums and main steam 
line, and closing the valves to the superheater, saturated steam 


| Test 1V. 
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is thus sent to the engine. Tests III and IV were made under 
these conditions on the down-trip of the vessel. 

With the superheaters in use, the temperature of the steam 
was taken just after leaving each boiler, and again near the 
throttle of the engine. These temperatures will be found 
recorded in the tables. The results of Test I show an average 
superheat at the boilers of 86.9 degrees and at the engine of 
81.7 degrees. These figures, for Test II, become respectively 
g2.1 and 88 degrees. 

To determine the moisture, dtiring the tests with saturated 
steam, a Barrus throttling calorimeter, attached to the main 
steam pipe near the H.P. cylinder, was used. ‘The results 
indicated that the steam was practically dry. 


CONCLUSIONS. 


Comparing the results obtained with superheated steam 
(Tests I and II), it will be seen that the power developed by the 
main engine differs only slightly in the two tests. The cut- 
off in each cylinder was precisely the same in both tests, and 
the only variation in the auxiliaries run worthy of note was 
the addition, in Test II, of two fireroom blowers and two small 
cooling pumps. On the basis of dry coal, the saving in fuel 
amounts to about 8.4 per cent. in favor of Test I. This differ- 
ence is scarcely attributable alone to the steam consumption 
of the additional auxiliaries in Test II, and the result very 
likely was largely influenced by furnace conditions. The in- 
ference, in any event, is plain, viz: that for moderate rates of 
coal consumption with the boiler installation on the Wadlace, 
natural is more economical than induced draft. 

In the first three tests the H.P. cut-off was set at the same 
point. This resulted in Test III (saturated steam), in the 
development of considerably more power as compared with I 
and II. In order to approximate to the power shown by the 
latter, it was necessary to shorten the cut-off: of the H.P. cyl- 
inder, which was done in Test IV. 

By reference to Tests I and IV, it will be seen (excluding 
cylinder cut-offs) that these were made under like conditions, 
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as nearly as possible, with the exception that in the first, super- 
heated, and in the second, saturated, steam was used. A com- 
parison, based on dry coal, shows a net saving in fuel, with 
superheated steam, amounting to 14.5 per cent. In consider- 
ing this result it should be remembered that it represents the 
combined increased efficiency of machinery plant, the most 
important factor in which is the improved economy of the 
engine when running under superheated-steam conditions. 
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NOTES. 


SUBMARINE BOATS AND THEIR SALVAGE. 


Broadly speaking, there are two classes of accidents that can 
‘happen to a submarine boat. First, the admission of water 
into the interior; secondly, an explosion. Both these have 
their counterpart in surface vessels—namely, collision and 
boiler or ammunition accidents. But the confined space and 
small reserve of buoyancy of the submarine boat intensifies 
the danger of the result to the crew. And it is this, rather 
than the frequency of accidents, that has occasioned public 
comment. 

In the case of admission of water,-no help can be expected 
from watertight bulkheads ; for, obviously, to keep the vessel 
afloat each compartment must not have a greater capacity 
than the equivalent of the reserve of buoyancy; but further, 
for such compartments to be effective, only one—namely, the 
center one—can be allowed the same volume as the reserve of 
buoyancy, since it is not only necessary to float the boat, but 
also to afford egress to the crew, and therefore the boat must 
be maintained approximately on an even keel. To do this no 
compartment except the midship one must exceed in capacity 
half the reserve buoyancy of the boat; this limitation is nec- 
essary so as to allow of a corresponding compartment, the 
opposite end of the boat being flooded to maintain the hori- 
zontal trim. Such subdivision would mean at least thirty 
compartments, and none except the one in the center of the 
boat could be more than 3} feet between the bulkheads. Of 
course, such a subdivision is an impossibility. It may, how- 
ever, be argued that it would be well to have one or two com- 
partments so as to confine the water to definite portions of the 
boat, and to leave a certain amount of space for. the crew to 


*Abstract of paper by Captain R. H. Bacon, R. N., D.S. O., read before the Institution of Naval 
Architects. 
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inhabit in case of accidents. This is a very reasonable con- 
tention, but before accepting it we must consider the proba- 
bilities of an accident happening, the chances of such an 
accident occurring in waters where salvage is possible, and, 
further, the chances of successful salvage to save life under 
ordinary conditions of sea and weather; all these must be 
balanced against the ever-present inconvenience in daily life 
of having the boat divided into these three or four compart-— 
ments. Such subdivision is not merely an inconvenience as 
regards control and communication, but for another reason it 
reacts against the efficiency of the boat when actually running 
on service. One marked feature in practice is the way in 
which spaces below a certain size affect the normal mental 
condition of the men. ‘To run a boat successfully, everyone 
inside her should be in an absolutely normal condition; the 
increased constriction of vision, and the necessary accuracy of 
handling, argue even greater coolness than in ordinary vessels. 
For a man’s mental condition to be normal, free living space 
' is required ; too confined surroundings react on the crew, and 
by producing a feeling of restriction create a mental tension ; 
hence, unless some very strong reasons exist for making living 
spaces below more confined than absolutely necessary, they 
should be as large as the boat will permit. 


THE PROBABILITIES OF ACCIDENTS. 


Taking first the case of water entering the boat. Two 
broad conditions exist when this is possible. One, where 
water enters a hatch ; the other, when it enters through a leak. 

The former is by far the more probable cause of such an 
accident. Of the four serious accidents whereby boats have 
foundered in the last few years, in fact, all modern accidents— 
namely, the Russian Dedfin, the French Farfadet, the Az and 
the 4S—all have been due to water entering the hatch. 

The fact of the hatch being the main source of weakness 
is very suggestive, and most reassuring as regards the safety 
of the boats, since with the practical elimination of this source 
of danger the main cause of accidents up to the present will 


be obviated; in fact, if no other remedies were taken, the 
attention attracted to this point should alone be sufficient to 
prevent accidents of this nature happening in the future. 
Many suggestions have been put forward for operating such a 
hatch automatically; but no matter requires more careful 
consideration than suggestions for the automatic or semi- 
automatic closing of vital hatches, since, if any portion of a 
man, either body, hands or arms, is in the way, and is caught 
by the hatch, the aperture can never subsequently be made 
watertight, and the danger to the boat is greatly intensified. 
The simplest method of making the hatch of a submarine 
boat automatic is by hinging it on the foreside, so that the 
pressure of the water with the boat going ahead closes it; but 
had this been the case in the 48 there is little doubt that the 
captain, who was leaning across the tower, would have been 
caught, and every subsequent chance of stopping the water 
entering would have ended. The best method seems to be to 
hinge the hatch so as to open athwartships, so that with head- 
way on the boat no direct pressure to open or close it is ex- 
erted by the water; but should the tower submerge, the lateral 
inrush will undoubtedly shut it. But let us for a moment 
analyze the chances of the water ever reaching the hatch. 

The following is the broad outline of the previously-men- 
tioned accidents, so far as we know from the general accounts 
available : 

In the case of the Dedfin the hatch was quite low, too large 
a number of men were in the boat, the ballast tanks were 
flooded while the hatch was open (an original and deadly 
error), and the boat sank deep until the water lapped over 
into the boat. Such an occurrence should without doubt 
never have happened. No structural provision could ever 
forestall such an accident. 

In the case of the Farfadei the boat was apparently diving 
with the hatch improperly shut, and in attempting to close it 
fully the hatch opened. 

In the case of the A8 the boat was being run with about 
one-third her normal buoyancy at considerable speed when she 
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dived under, and her hatch was not closed by those near it. 
Now all these cases are of a nature that should not occur again ; 
there is nothing inherent in submarine boats to render any of 
them liable to recur. 

In the case of the Delfin, systematic drill and the most ele- 
mentary care would absolutely preclude a repetition of such an 
accident. 

With the Farfadet, a redesigned closing method would 
allow of tightening the hatch with safety. 

With the 48, the maintenance of full buoyancy when 
steaming fast would have prevented the water ever approach- 
ing the hatch 11 feet above the water line. So far, therefore, 
we may legitimately state that these accidents are not such as 
in any way to destroy confidence in the general system of sub- 
marine work. 

We have now to consider the question of the admission of 
water due to collision or grounding. 

As regards the former, a collision of any magnitude must be 
a most serious matter; the reserve buoyancy in the boats is so 
small that even a small leak must be a very difficult matter to 
deal with. Watertight compartments have been shown to be 
out of the question, and therefore, at all hazards, collisions 
must be avoided. This being the case, it is the natural duty 
of asubmarine boat to get out of the way of any craft that 
may do her damage. Such is only wisdom on her part, and 
with one craft determined to avoid, the chances of collision 
are greatly reduced. There is one point, however, greatly in 
favor of submarine boats—namely, the enormous strength of 
their structure compared with surface boats of similar tonnage ; 
this is of the greatest importance in all minor collisions. Two 
cases are on record where the boats have been struck by the 
propeller of a ship and have been none the worse, and many 
cases of collision with other minor surface craft have left the 
submarine absolutely unaffected, whereas the surface craft 
have been seriously damaged. 

In the particularly sad case of the 47, the conning tower 
was struck bya large ship and the hatch slightly sprung open ; 


4 


NOTES. 855 


the structure otherwise was undamaged. The boat then trav- 
eled the whole length under the ship’s bottom, during which 
time sufficient water had leaked in to prevent the boat sub- 
sequently rising. A watertight hatch now fitted at the base 
of the tower provides a means of guarding against any moder- 
ate leakage from such damage to the conning tower. Of 
course, should the hull of the boat other than the conning 
tower be damaged anywhere above the center line, then grave 
danger exists, and no considerations of design can save the 
boat against a considerable leak in such a position. ‘This, 
however, is the one and only source of real danger to a sub- 
marine boat in the event of collision; and the only reasons 
why it is greater in her case than in that of surface craft are 
the impossibility of fitting watertight compartments and the 
short time available before her buoyancy is destroyed. This 
naturally leads us on to the consideration of what the reserve 
of buoyancy should be in a submarine boat. It is not per- 
mitted to discuss the design of boats, but it is infringing no 
secret to point out that the increase of reserve of buoyancy in 
the surface condition means increase of skin area for the same 
submerged displacement, and therefore for the same submerged 
horsepower. Storage of electrical power is extremely weighty, 
being for equal radius of action over thirty times that of the 
surface propulsion ; for this reason only it is advisable, there- 
fore, to keep the reserve buoyancy of the boats as low as is 
consistent with sea-going safety. No boat can be safer at sea 
than a submarine boat, since it is as tight as a bottle. No in- 
crease of actual safety is obtained by small increases in the 
reserve of buoyancy—say, from 15 to 30 or 40 per cent.— 
which entail other great disadvantages without fro ra/a gain. 
Provided, therefore, that the advantage gained in safety in case 
of collision by small increases in the reserve of buoyancy is 
very slight, and that the reserve is such as to ensure sea-going 
safety, no object exists in reducing the efficiency of the boats 
from the fighting point of view, by increasing the surface re- 
serve of buoyancy unnecessarily, and so decreasing their speed 
- when submerged. 
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The other cause of danger, namely, grounding, is not so very 
great. There are two distinct conditions: the first, merely 
striking the bottom, which is amply provided for by practically 
the whole under surface of the boats being double-bottomed, 
as well as by the fact of the boats being buoyant, and so very 
considerably reducing the effect of a grazing blow. Danger 
of injury to the hull from this cause is really non-existent. 
The other possibility is of a boat sticking its nose into the 
mud. ‘The sloping nature of the under side of the fore part 
of the boat does not render such an occurrence probable, unless 
the boat were proceeding at a phenomenally large inclination, 
and even then the leverage exerted in getting rid of ballast, 
combined with the action of the propeller going astern, should 
exercise great influence in freeing the boat. 

The last possible cause of water entering is from the boat 
diving to too great a depth and the hull being crushed, or some 
of the hull fittings being unable to stand the pressure. This 
argues either the failure of the diving rudders, which are made 
as simple and as strong as possible, and should, therefore, be 
above suspicion, or that too much water ballast was being 
carried, and, therefore, that the boat would sink from want 
of buoyancy. This actually occurred in the /orfozse in 
America. Fortunately the boat only sank in about 120 feet, 
the boat being built for 100 feet pressure. She, however, had 
the defect of having her tanks only constructed to stand a 
pressure of 25 pounds on the square inch, or, roughly, about 
50 feet of water; the water in them could not, therefore, be 
blown out, since it was suicidal to attempt to admit the air 
pressure necessary to expel the water. The large pressure of 
water on the hull caused the boat to leak considerably, the 
electric pumps could not work against the pressure, and it 
was merely a race between the hand pump and the in-leakage 
of water whether she was ever raised to the surface or not. 
Providentially, the hand pump gained the day, and the boat 
floated. In any boat, every tank that can possibly be put in 
connection with the sea should be tested to the full hull- 
resisting pressure. An accident such as this could not possibly 
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occur with moderate care or proper design. The rate of blow- 
ing water from tanks is purposely made so great that a sinking 
boat should be caught and made buoyant long before a dan- 
gerous depth is approached. One turn of two handles, which 
are always kept in hand when the boat is diving, immediately 
telieves the boat of a large quantity of ballast. 

Of all these possible causes of boats foundering from taking 
in water, we may fairly claim that the only one even probable 
is that when the boat is injured by collision in the hull above 


the center line. 
EXPLOSIONS. 


The question of accidents from explosions inside the boat 
next claims our attention. Three causes of explosions only 
are possible, namely : 

1. From an explosive mixture of petrol and air through a 
leak of liquid petrol into the boat. 

2. From a mixture of hydrogen given off from the batteries 
during charge, or in discharge, if, in the case of accident, the 


battery is flooded with water. 

3. From the explosion of a compressed-air reservoir. 

As regards petrol, the main important consideration is that 
to cause an explosion, first a leakage of liquid petrol is neces- 
sary ; and, secondly, a spark is required to ignite the mixture. 
A leakage can invariably be detected by smell, should it occur; 
but in a properly-designed system leaks should be practically 
non-existent. 

Even with vapor in the boat, no direct danger exists, pro- 
vided the boat is properly ventilated, and no switch is moved, 
or anything is done to cause a spark. As a matter of fact, in 
practice, the smell of petrol inside a boat is almost unknown. 
In the case of the accident to the 45, where a petrol explo- 
sion occurred, the cause of the leakage was a badly-packed 
gland of the petrol pump, the gland being screwed down metal 
to metal; but, in spite of one man being overcome by the 
petrol fumes, the main motor was started, and the sparks de- 
termined the explosion. Had the very explicit and simple 
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regulations provided been carried out, no accident would have 
occurred. ‘The boats are particularly free from all chance of 
accident with the engines at work, since the volume of air 
used every two minutes is equivalent in volume to that of the 
whole air of the boat; with such enormous ventilation going 
on, no chance of vapor accumulating is possible. A prevalent 
idea is that the petrol tanks are themselves a source of danger. 
A moment’s consideration will show that no danger from this 
cause can exist; since, whenever a closed vessel has petrol 
inside it, the enclosed air is saturated with vapor, and is there- 
fore non-explosive. The tanks are constructed so that leakage 
is impossible, and many other precautions are taken so as to 
minimise every source of possible leakage in the petrol system. 
The English boats have covered over 30,000 miles under their 
engines, and, with the exception of one small flash in an early 
boat, no explosion except that in the 45 has occurred. This 
of itself is fairly good evidence of the safety of petrol when 
moderate care is exercised. The second possible cause of an 
explosion is due to hydrogen given off by the batteries in 
charging ; but, as this operation is only carried out when the 
boat is opened up for ventilation, no danger exists. The 
formation of this gas, however, has considerable bearing on 
the installation of the battery, and limits the extent to which 
it can be made thoroughly watertight, for no risks can be run 
of allowing an explosive mixture being formed inside an air- 
tight space. The explosion which occurred in the A8& two 
hours after sinking was most probably due to the formation 
of this gas. 

The third cause—namely, the failure of the air reservoirs— 
is merely mentioned as a possibility ; no greater danger from 
this cause exists on board a boat than on board an ordinary 
ship, where such accidents are unknown. ‘The usual periodic 
tests should fully suffice to ensure these reservoirs being in a 
thoroughly safe condition. 

We may, I think, from the above short account assume that 
danger to the boats from explosions is really small, and not 
greater in comparison than the dangers which have attended 


NOTES. 859 


the introduction of increased boiler and gun power in the 


Navy as a whole. 
SALVAGE. 


The ploblems connected with the salvage of these boats 
differ from those usually met with, chiefly because the ques- 
tion of rapidity is, or may be, of vital importance as regards 
the possibility of saving life. This factor is usually absent 
from other salvage operations, and no question then exists 
about setting deliberately to work and conducting the opera- 
tions upon sound principles. The danger anticipated by the - 
old adage, ‘‘ More haste, less speed,” truly applies to this as 


well as all engineering work. 
* * * * 


Their maneuver grounds are chiefly in the deeper waters, 
and it is therefore evident that considerations of rapid salvage 
are totally out of the question should foundering occur in the 
majority of the waters in which they work. 

The suggestion, therefore, for building special salvage craft 
for dealing with submarine boats when the boats mainly oper- 
ate in waters where rapid salvage is impossible, is one that 
cannot for a moment be practically considered, even should 
the probable frequency of accidents warrant such action, 
which, as a matter of fact, it does not. ; 

The first question as regards salvage is to provide for the 
succor of the imprisoned crew. Hundreds of suggestions have 
been received on this subject; all have received careful con- 
sideration, but up to date not one has been capable of practical 
application. The labor of attending to the numerous sugges- 
tions is very great, but it is well worth the expenditure of 
trouble if only some day one single good idea is forthcoming ; 
and really it is impossible but to be grateful to all who at- 
tempt, however crudely, to assist the work of the country. 

Let us consider the two most common and plausible of these 
suggestions. 

Before adopting any special appliance or constructional 
complication, suggested solely from the point of view of sav- 
ing life in accidents, two considerations should be fulfilled : 
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first, the fighting efficiency of the boat must not be seriously 
affected by it, since the boats are designed primarily for fight- 
ing, and not for meeting with accidents; and, secondly, that 
such arrangements, when introduced, shall be efficient against 
all reasonable accidents that may happen. 

It is simple to design a boat to be safe against any particu- 
lar accident; the impossibility lies in designing one safe 
against every accident. The commonest device for the release 
of a crew from a boat is that of providing an air lock and 
diving chamber, and a hatch that can be opened from the 
bottom of the air chamber, the pressure of air preventing the 
water entering when the hatch is open; the crew can then, 
one by one, dive out and come to the surface. Supposing a 
sufficient space devoted to such an arrangement, there are two 
considerations which militate against its success. The hatch 
must necessarily be in the bottom of the boat; but if an acci- 
dent happens, it is “even chances,” even in the uncommon 
case where the boat is undamaged, whether the boat rests with 
its fore or after end on the bottom. It is therefore an even 
chance whether the men would, or would not, be able to use 
this means of egress. Again, it must be assumed that water 
is present in the boat, otherwise there is no reason that she 
should not come to the surface, and if this water is present, it 
is again an even chance if the compartment can be got at 
from the interior of the boat. But, further, even supposing 
this chamber could be used, we have still to consider the 
effect on the crew of the variation in pressure by suddenly 
rising to the surface from a considerable depth. It is common 
knowledge that under pressure the gases absorbed in the blood 
get compressed, and that sudden release of such pressure allows 
them to expand, producing large bubbles of gas in the blood, 
which cause breaks in its continuity; this is productive of the 
most serious effects on the system, so that, even if the men 
were able to find egress, in many cases their lives would not 
be saved. Since, therefore, this system cannot be safely used 
in deep water, not at all on a soft bottom, and unless dupli- 
cated and placed at each end of the vessel, it is useless with a 
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small amount of water in the boat, and quite valueless with a 
large amount, it is not a fitting on which it is worth wasting 
much valuable weight and space. Another common sugges- 
tion is to provide a detachable chamber into which the crew 
may climb, which can be freed, and then will float to the 
surface. A few figures will dispose of the practicability of 
this idea. Allowing 1} square feet of space for each man, 
eleven men will require 16} square feet. If the chamber were 
made cylindrical, the thickness would be } inch. It would 
have to be ballasted to keep it upright when floating, and, 
moreover, must float with a certain reserve of buoyancy to 
allow of the top being open even in smooth water for the 
egress of the men. This means that the cylinder would have 
to be at least 6 feet in diameter and 7 feet to 8 feet high. 
This would be an enormous excrescence outside the boat, and 
greatly increase her submerged resistance, even if further fitted 
with fair waters to relieve its circular shape, although increas- 
ing itssize. Its dimensions would quite preclude the possibility 
of carrying it inside. In addition, the securing arrangements 
and watertight doors would add considerably to its weight, 
and then in the end a collision—which is, after all, the most 
probable cause of accident—would be liable to put it out of 
gear. Anyone who really considers carefully the difficulties 
of providing reasonable methods of exit, for a crew will soon 
be convinced of the futility of such special arrangements. If I 
am betrayed into saying that some convenient form of diving 
dress seems to provide the greatest chance of ultimate success, 
I add an appeal to non-experts who have neither seen the open 
sea nor have any knowledge of diving dresses to spare us 
written suggestions on this subject. 

Suppose a boat at the bottom in less than 120 feet of water, 
the difficulties of rapid salvage are immense. Friendly critics 
who look on the Channel as a smooth sheet of water would 
have their ideas rudely dispelled if they had to undertake 
practical salvage operations. The number of days when sea 
and swell are absent are remarkably few, the hours available, 
owing to tides, are scanty, and the amount of physical work 
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that divers are capable of doing in deep water is remarkably 
little. These ever-present handicapping factors, combined 
with the hundred and one little difficulties and delays that 
crop up, soon cause hours to run into days, and difficulties, 
not known to the outside world, cause those who have never 
had such work to do to wonder where the difficulty lies. But 
it is useless to dwell further on this matter; let us pass to the 
actual salvage of a boat on the bottom. 

A boat on the bottom can be in one of two conditions— 
either with her hull intact or with it damaged. In the former 
case the salvage is fairly simple, and merely consists in con- 
necting a compressed-air pipe to a socket in the hull, admit- 
ting compressed air, and blowing the water out. I must, in 
passing, take the opportunity of thanking the many people 
who have taken the trouble to write, either privately or to the 
press, suggesting the provision of such a fitting. But, need- 
less to say, this has been provided from the very first incep- 
tion of these boats. 

If, however, the boat is damaged, she can either be lifted 
bodily, or the leak may be stopped and the water blown out, 
when she will rise of her own buoyancy, or do so with but 
little assistance. In the first case a considerable weight will 
have to be lifted, and, providing the weather conditions are 
favorable, no difficulty should exist ; but the operation cannot 
be done without considerable labor. We will imagine fora 
moment that there is a chance of saving life in the boat, 
although a leak exists. In this case it will be necessary to 
lift the boat not merely to the surface, but sufficiently above 
the surface to allow of the hatch in the conning tower being 
opened without the danger, when the air pressure is relieved, 
of letting the water rise in the hull sufficiently to drown the 
survivors. For this purpose center-line lifting bolts on the 
hull are not of much use, since the purchases shackled to them 
will come ‘two blocks” before the hull is above water. Strops 
made by large hawsers are more convenient, since the blocks 
can be kept at the side as low as the middle of the boat. 
Again, the blocks that must be used weigh close on half a ton 
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each; these are most difficult for a diver to handle. I do not 
know if I am addressing many who have been practical divers ; 
if not, I must ask you to take my word as an old diver as to 
the enormous difficulty of bringing an unwieldy weight of 
half a ton near to, and of shackling it on to, a fixed point, 
such as an eye-bolt. Bringing a hawser to the block is far 
easier, or even shackling the hawser to the block on the sur- 
face, and then sweeping it into place under the boat, is a far 
easier and more practical method. Fixed bolts, under certain 
conditions, such as that of a boat being very deep in the mud, 
may be valuable, but for rapid salvage their utility is very 
problematic. Another point to be kept in mind is that the 
strength of the lifting gear to be used should be the sum of 
the weight of water in the boat and any full tanks, plus the 
displacement she has to be lifted to; moreover, the slinging 
has to be distributed so as not to strain the boat locally, cause 
her to leak, and allow the imprisoned air to escape from the 
inside. 

The fact of lifting the boat above water necessitates the use 
of more than one lifting vessel, so that the boat may rise 
between them. This necessitates mooring these craft in exact 
position before any work can be undertaken, otherwise the tide 
will vitiate all subsequent operations. After everything has 
been done that can be done on the surface, the whole rapidity 
of the subsequent work depends on the tides and on the 
weather. To attempt to shackle on blocks below, with the 
lighters rising and falling 2 feet or 3 feet, is impossible, and 
to take the weight of the lift, except on a smooth day, is 
equally impossible, on account of the strain that would be 
brought on all the gear. The sudden immersion of the lighters 
and the inertia of the submarine are, in a sea, bound to strain 
the gear many times more than the mere weight to be lifted. 
For all these reasons rapid salvage is almost an impossibility, 
however hard everyone may work. Whatever appliances are 
available, wind, sea and tide will always be the determining 
factors as regards rapidity of work. 
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The mere salvage of a boat, when rapidity is not essen- 
tial, does not, even when in deep water, present any great 
difficulty. It is, in fact, easier in the case of a strong structure, 
like that of a submarine, than with an ordinary ship. More- 
over, the peculiar shape of the hull makes it possible to sweep 
hawsers underneath the ends even in waters where it would 
be impossible to work divers. 

It has been suggested from some sources that the Admiralty 
should keep their own salvage plant for the general use of the 
Navy. This is no concern of mine, and one for the Admiralty 
only to consider; but if I had any weight in their councils, I 
would most strongly advise their doing nothing of the sort. 
Anyone who has been practically associated with salvage work 
knows that success depends largely on practical experience 
and constant practice. The mere plant is quite a secondary 
consideration, and easily obtained. Moreover, in all large 
salvage operations special gear has to be designed and built. 
Such appliances cannot be kept stored. The valuable asset 
to salvage companies is the experience of their divers and the 
constant practice that the mercantile marines of the world 
afford them. In such commercial enterprises the Navy can 
never have a share ; and our own service also does not, thank 
goodness, provide sufficient accidents to keep the men 
thoroughly practiced. 

In conclusion, I hope that I have been able to put impar- 
tially before you the relative safety of submarine vessels 
compared to that of surface craft. That the danger of the 
work is apt to be exaggerated, I think you will all concede. 
That it requires constant care goes without saying ; but with 
the exercise of such care, no apprehension need exist of a 
larger percentage of accidents than in other branches of the 
service. ‘That with the increase in numbers of the boats acci- 
dents will occasionally occur is undoubted, for wherever large 
quantities of energy are stored in an easily available state 
danger must exist; but that this is present to an exaggerated 
extent in the case of submarine boats is not a fact. Nowhere 
is the extent of possible danger known better than among 
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those who man the boats, and nowhere would the idea of ex- 
cessive liability to accident be more scouted. 

There is, however, another class of danger that may exist, 
though at present it does not do so, and that is that, in the 
desire to avoid all risks, the efficiency of the boats may be 
reduced both by constructional limitations and also by curtail- 
ing their practical maneuvering by subjecting them to work 
less stringent than that which simulates war conditions. 
Much better have no boats at all than allow such limitations 
to creep in. At present we can safely say that all the work 
the boats do is up to the full requirements of war training, 
and that neither of the two lamentable accidents to the boats 
have in any way detracted from the severity of the tactical 
work. The sympathy of the whole country with the sad fate 
of those splendid men, who, being volunteers, were the pick 
of the service, is apt to lead to exaggeration of the real danger 
of the work. It is rather outside the Navy than in it that 


apprehension as to the safe use of the boats arises. If this 
paper has succeeded in putting the real facts in a more dis- 
passionate light, I feel that the half hour you have so kindly 
afforded me will not have been wasted, so far as the interests 
of the country are concerned.—“ Engineering,” London. 


TURBINES AND RECIPROCATING ENGINES IN THE MIDLAND 
RAILWAY COMPANY’S BOATS.* 


For further description of these vessels see JOURNAL A. S. N. E., Vol. XVI, 
pages 629, 631, 713, 1023, 1339 and 1340. 

In January, 1903, the Midland Railway Company decided to 
build four new screw steamers for their Irish and Isle of Man 
services, in view of the approaching completion of their new 
harbor at Heysham, in Morecambe Bay, Lancashire. They 
entrusted the designing of these steamers to my partner, Pro- 
fessor Biles, and myself. The method of propulsion was 
naturally one that came up for discussion. 

The only vessels fitted with the Parsons marine turbine 


® Paper read at the summer meeting of the Institution of Naval Architects by William Gray. 
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system of propulsion at that time were two small passenger 
steamers, trading in summer on the smooth waters of the 
Clyde estuary. As compared with the ordinary Clyde steamers, 
the results obtained were highly satisfactory, although their 
maneuvering qualities left something to be desired. The 
London, Chatham and South Eastern Railway Company had 
a turbine steamer under construction, but it was necessary to 
place the contracts for the Midland steamers before the former 
was tried. 

After careful consideration of the data available the Midland 
Railway Company decided to fit two of the vessels of their 
new fleet with reciprocating engines and two with Parsons 
marine turbines. 

Three of the vessels—the Antrim, Donegal and London- 
derry—were intended for the Belfast passenger and cargo 
trade, and the Manxman for the Isle of Man summer pas- 
senger traffic, although she was also fitted with portable cabins 
for taking up the Belfast trade in winter. 

The principal dimensions of the three former vessels are as 
follows: Length on the water line, 330 feet ; molded breadth, 
42 feet ; molded depth, 25 feet 6 inches. The Manxman is 
similar in form and of the same length and depth, but the 
molded breadth is 43 feet. 

The boiler installation in all the vessels consists of two 
double-ended and one single-ended boiler, the principal dimen- 
sions of which are given in parallel columns: 


Double ended. Single ended. 
22 feet. It feet 6 inches. 
Number of furnaces (total)............2se0000e 12 3 
Heating surface in each ship.................+. 12,500 square feet. 


The working pressure in the Autrim, Donegal and Manx- 
man is 200 pounds per square inch, and in the Londonderry 
150 pounds per square inch. 

Forced draft on the closed-stokehold system is fitted in 
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all the vessels. The fans for this purpose are driven by elec- 
tric motors in the Antrim and Donegal, and in the London- 
derry and Manxman they are driven by steam engines. 

The engines of the Antrim and Donegal differ only in detail. 
They consist of two sets of the four-cylinder triple-expansion 
type, each driving a three-bladed propeller. The cylinders 
are 23 inches, 36 inches and two of 42 inches, with a 30-inch 
stroke. 

The auxiliary machinery in all the steamers is of the most 
modern type, and, as the pumps are driven independently, a 
better comparison is afforded of the performances of the pro- 
pelling machinery. 

The arrangement of the turbines in the Londonderry and 
Manxman differs only in detail, but the turbines in the /anzx- 
man are larger, as they were designed for 25 per cent. more 
power than the Loxdonderry. The Manxman is also fitted 
with a Parsons vacuum augmentor. In each vessel there are 
three turbines ; one high pressure and two low pressure. With 
the latter are incorporated the reversing turbines that work 
in vacuo when not in use. Each of the three turbines drives 
a separate shaft and a three-bladed propeller. The low-pres- 
sure turbines are on the outer shafts and the high-pressure 
turbine on the center shaft. All the turbines in both ships 
were made by Messrs. Parsons’ Marine Steam Turbine Com- 
pany. 
The propellers of the Antrim and Donegal are three-bladed, 
the Anirim’s being built and the Donegal’s solid. .The An- 
trim’s is a little smaller in diameter and coarser in pitch. 

The propellers of the Manxman are as follows: center, 6 
feet 2 inches in diameter, 5 feet 7 inches pitch; side, 5 feet 7 
inches in diameter, 5 feet pitch. The Londonderry’s are all 
the same—s5 feet in diameter, 4 feet 6 inches pitch. 

The conditions of the contract were that each vessel was to 
maintain a speed of 20 knots for six continuous hours with 
the double-ended boilers only under steam and 300 tons dead 
weight on board. 

The results of the official trials were as follows: 
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Antrim. Londonderry. Manxman. 
Speed im knots..........1.-sscccececceseesecsooes 20.6 21.6 22.65 


With all the boilers in use the results were: 


Antrim. Londonderry. Manzxman. 

The amount of water consumed was measured during the 
progressive trials by counting the strokes of the feed pumps, 
and the comparative results are given in the following table : 


Gallons of water consumed per hour. 
in 
nots. Londonderry. Manxman. 
14 4,500 4,500 4,500 
17 6,700 6, 100 5,800 
20 9,700 8,900 8,300 
22 ie 13,600 12,500 
23 17,300 


These figures throw some light on the relative economy 
not only of the two systems of propulsion at various speeds, 
but on the different arrangements in the two turbine steamers 
themselves. They show that at from 14 knots to 20 knots 
the turbine is more economical. 

The maximum difference occurs between 19 and 20 knots, 
which is the working speed of the vessels on service. In the 
case of the Londonderry the decrease in water consumption 
amounted to 8 per cent., and in the case of the Wanaman to 
14 per cent., as compared with the Antrim and Donegal. 

The service to and from Heysham and Belfast was opened 
on September 1, 1904, and since that date there has been one 
vessel plying each way every night except Sunday. Since 
May 1, 1905, the Manxman has been employed exclusively 
on the Isle of Man route; and the results, being obtained 
under different conditions, are not included in the compari- 
sons. 

Through the courtesy of the officials of the Midland Rail- 
way Company the log books of the four steamers have been 
placed at my disposal, and it is, therefore, possible to make 
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some comparisons that may be of interest to those connected 
with ships. As the question under consideration is recipro- 
cating engines versus turbines, those occasions when the An- 
trim and Donegal were running together have been omitted. 
The Londonderry and the Manxman have never been run- 
ning together on this service. 

An accident to the high-pressure turbine of the Londonderry 
that happened early in the month of November interrupts the 
records of that steamer for three months. The cause of the 
accident has never been definitely ascertained, but everyone 
is agreed that no fault can be attributed to the turbine as a 
means of propulsion. The dummy rings on the casing and 
drum were allowed to come into contact, and one-half of them 
were destroyed, but the circumstances were rather peculiar, 
and not likely to occur in normal conditions of working. 

Table A gives the following particulars for the various 
steamers, viz: 

The number of single trips made from Belfast to Heysham, 
and vice versa. 

The number of tons of coal consumed while under steam. 

The total number of hours under steam. 

The total number of hours at full speed. 

The amount of coal consumed in port varies according to 
circumstances, and as it does not materially affect the matter 
under discussion, it has been excluded from these tables. It 
amounts approximately to about eight tons per steamer per 
single trip. 

The column “ Hours under steam” gives the time from quay 
to quay, and includes the time occupied in maneuvering the 
vessel in harbor. 

The table treats the matter from a purely commercial stand- 
point; that is to say, it ignores the differences of speed and 
coal consumption due to the relative weights of turbines and 
reciprocating engines, and only deals with the items that ex- 
clusively interest the shipowner. It gives the amount of coal 
that each vessel consumed on a given number of trips. In all 
four steamers the three boilers have been in use, and all have 
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been working with the same moderate air pressure in the 
stokeholds. The results, therefore, represent the amount of 
coal consumed under easy steaming in all circumstances. 

To show the results obtained from each pair of steamers 
running simultaneously, but in opposite directions, the previous 
table has been split up, as shown in Table B. 


Table B.—SHOWING RESULTS OBTAINED BY STEAMERS RUNNING SIMUL- 
TANEOUSLY, BUT IN OPPOSITE DIRECTIONS. 


Reciprocating 
engine. 


Turbine. 


Antrim. | Londonderry. 
Average coal per trip, toms ..............sscsseseeees| 35-6 35-3 
Donegal. Londonderry. 
Average coal per trip, toms...............s00-sseeeees 36 36.9 
Antrim. | Manxman. 
Average coal per trip, tons............... csccecseses 38.6 38.6 
Donegal. Manxman, 
Number of trips... 39 39 
Average coal per trip, 38.7 40.2 


The speeds obtained on the trial trips have been already 
dealt with, but, valuable as these results are, the conditions in 
which trial trips are conducted are more or less artificial, and 
shipowners are justified in not taking them as final guides on 
the subject. 

The logs have been very carefully examined, and, neglect- 
ing those runs where full speed was not maintained for the 
whole time that the vessels were in the open sea, the results 
are as given in Table B. 

These results point to a marked decrease in the coal con- 
sumption of the 1/anxman, as compared with the Antrim and 
Donegal. The Manxman did 20.3 knots for the same coal 
consumption that the Axérim had at 19.5 knots. A similar 
comparison of the Manxman with the Donegal gives nearly 
the same result. 
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In other words, for a speed of 19.5 knots the Anérim requires 
38.6 tons of coal, and the Manxman 35 tons—a saving of 9.3 
per cent. The Donegal, for a speed of 19.3 knots, requires 
38.7 tons, and the Manxman 35.4 tons—a saving of 8.5 per 
cent. 

The performances of the Londonderry are nearly as efficient 
as those of the Axérim, but they are better than those of the 
Donegal. 

They also indicate that the Waxxman, with higher steam 
pressure, a smaller number of revolutions, and larger propel- 
lers, has done better than the Londonderry. 

A further economy in the turbine steamers is effected in the 
amount of oil used for lubrication. The logs show that this 
amounts in both steamers to five gallons per single trip. This, 
again, permits of a further economy in the reduction of the 
engine-room staff from four greasers to two. 

Speaking generally, therefore, the performances of the tur- 
bine steamers, especially the Manxman, have been greatly 
superior to those of the steamers fitted with reciprocating 
engines. 

It is not possible to make a quantitative analysis of the cost 
of upkeep, but so far the turbines have cost practically noth- 
ing (excepting the cost of repairs due to the accident to the 
Londonderry), and they require very little attention compared 
with what is necessary in the very best running engines of the 
reciprocating type. 

There can be no doubt that one great benefit derived from 
the use of turbines is the elimination of the vibration insepar- 
able from the use of reciprocating engines in Channel steamers. 
The engines in the Antrim and Donegal were most carefully 
balanced, and the vibration at the service speed is almost im- 
perceptible. The almost unanimous testimony, however, of 
those who have traveled in the vessels is that the turbine 
steamers are steadier. 

The only real inferiority in the Londonderry and Manxman 
is the difficulty of maneuvering from rest in narrow waters. 
In this respect they compare unfavorably with the Anérim and 
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Donegal, No doubt with further experience those in charge 
will become more expert in working with the small screws, 
but for turning from rest there is smaller power in the side 
propellers. Experiments were made at the trial trips that 
showed that the turbine steamers going full speed could be 
brought to rest in about a minute and a half. This is a good 
result, but actual experience has shown the relative inadequacy 
of the backing power starting from rest. There is no good 
reason why sufficient backing power cannot be obtained with 
small screws if the reversing turbines are made powerful 
enough. 

Having dealt with the question of speed and coal consump- 
tion, there remain three other points in connection with the 
design, viz: space occupied, weight and cost. 

The turbines occupied so much more floor space than the 
reciprocating engines that the electric plant had to be put in 
the tunnel. 

Space may be saved on the upper decks, but this is not an 
unmixed advantage, as it was effected by reducing the light 
and air space to the turbine room. By our tonnage laws as at 
present, the actual volume of the light and air space is included 
in the gross tonnage; but 1? times the actual volume may be 
deducted in arriving at the net tonnage. The effect of decreas- 
ing the light and air space to the turbine room involved an 
increase in the net tonnage of nearly 50 tons. 


Gross tonnage. Net tonnage. 


In the case of vessels trading between ports where tonnage 
dues are heavy this is a matter of great importance, and may 
balance the commercial gains in oil and fuel. In such cases 
the gain in space cannot be used with advantage. 

The saving of weight in the turbine steamers is consider- 
able. In the hull the weights involved, viz : engine seat, tun- 
nel stools, boss frames and plating, &c., are reduced by 30 tons. 
Against this the buoyancy of the bosses is 29 tons less in the 
turbine than in the other steamers, so that from the draught 
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point of view the saving in hull is neutralized by the loss of 
displacement. 

The weight of engines, shafting and propellers in the Ax- 
trim and Donegal was 280 -tons. The weight of the corre- 
sponding items in the Manxman was 195 tons, so that the 
total weight to be propelled is about 115 tons less, a differ- 
" ence of nearly 6 per cent. on the light weight of the steamer. 

The difference of the initial cost of the turbines as com- 
pared with reciprocating engines is not great. Comparing the 
Antrim and the Londonderry, it amounted to 1} per cent. of 
the total cost of hull and machinery.—‘ Engineering,” Lon- 
don. 


GAS ENGINE WITH PRODUCER FOR MARINE USE. 


The following is an extract from an article in ‘“ Engineer- 
ing,” London, descriptive of the installation manufactured by 
Messrs. John I. Thornycroft & Co., Limited, London : 

The vessel is built of steel, and is 60 feet long, 10 feet 
wide, and 2 feet 6 inches draught. She is a single-screw boat, 
the propeller working in a tunnel. There is a roomy cabin 
forward and another aft of the machinery space. Behind this 
again is a large watertight well, the steel floor of which is 
above the water level. There are self-acting freeing scuppers 
with hinge valves, on the life-boat principle. The fore peak 
is divided off by a watertight bulkhead, and the machinery 
space is between watertight bulkheads. Lavatory accommo- 
dation and other conveniences are provided. 

The interesting feature of the vessel is naturally the novel 
type of machinery, which consists of a four-cylinder Thorny- 
croft gas engine, on the Capitaine system. The cylinders are 
single acting, each 8} inches in diameter and 11 inches stroke, 
and develop collectively 75 brake horsepower at 300 revolu- 
tions per minute. In regard to general construction, the 
framing consists of mild steel plates connected by angle bars, 
thus forming a box-like structure of great rigidity, the steel 
plates being carried right round to form the crank pit. Each 
cylinder trunk is cast separately, and is contained in the fram- 
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ing. The cylinder heads or combustion chambers are also 
separate castings, and are supported between plates riveted to 
the transverse members of the frame. Each cylinder trunk 
is attached to the head by means of four bolts. In this way 
the whole force of the explosion is taken by means of the plates 
riveted to the transverse members, and transmitted directly to 
the crank-shaft bearings, the latter being also bolted to the 
frame plates. The object aimed at is to do away with heavy 
bolts that would otherwise be needed to connect the cylinder 
head to the trunk, such as are usual with the ordinary construc- 
tion of engines of this description. The cylinder-head joint is 
not, with this arrangement, likely to leak—a frequent source of 
trouble with the ordinary arrangement. Another advantage 
is that the cylinder head, which carries all valves and the 
ignition apparatus, may be readily removed for cleaning and 
inspection ; the operation of disconnecting and replacing can 
be carried out in as short a time as six minutes. The im- 
portance of this feature will be appreciated by those who have 
had experience with suction gas plants. 

All valves are actuated mechanically by means of cams, the 
cams being actuated by toothed gearing from the crank shaft. 
The valves open directly into the combustion chamber, thus 
minimizing the surface which would cool the gases. The 
cam shaft is hollow, and carries the spindle for actuating the 
ignition gear. ‘This spindle is under the control of the gov- 
ernor, so that the spark is advanced or retarded according to” 
the speed of engine required, the governor spring being hand- 
controlled at will. The governor also acts on a valve for 
throttling the mixture. The ignition is effected by a low- 
tension magneto, the magneto being on the after part of the 
engine frame, and driven by bevel gear from the governor 
shaft. The bevel wheel for driving the magneto is also con- 
trolled by the governor, so that the time of maximum current 
synchronizes with the time of ignition. A distributor is fitted, 
so that should one of the ignition plugs become short-circuited 
the working of the others would not be interrupted. 

The cylinder heads are cast with jackets for water circula- 
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tion, the cylinder trunks being fitted with a thin steel casing, 
water circulating between the cylinder and the trunk. Each 
cylinder head and each trunk has its separate service, which 
is at atmospheric pressure. By this arrangement it is possible 
to see whether the circulation is being properly maintained. 
The cooling water is circulated by a centrifugal pump, driven 
from the gas drier by a belt. There is forced lubrication for 
the cylinders, the bearings being lubricated by drip feed. There 
is an oil plunger pump, driven from the crank shaft, and this 
delivers oil to a mechanical distributor having eight pressure- 
feed connections and nine sight-feed connections. The gud- 
geon pins of the connecting rods are hollow, and serve as oil 
retainers, the oil being supplied by means of a syringe. This 
system of lubrication is economical, and has been found to act 
with certainty. 

For starting the main engine an auxiliary petrol motor is 
used. ‘This small engine is mounted on a pivoted base plate, 
and is swung over to tighten the belt when required to be 
used. When the main has been started, the belt of the start- 
ing engine is thrown off. Half-compression cams are fitted 
to the main engine to ease the starting. They are brought 
into play by hand, and released by the governor when the 
engine has attained its normal speed. Reversing is effected 
by means of epicyclic gear and a cone clutch, placed in the 
line of shafting, and forward of the thrust block. One hand 
wheel frees and reverses the engine in either direction. 

The suction producer consists generally of a steel shell 
having a fire-brick lining surrounding the hot zone. The 
upper part forms a hopper for holding a supply of fuel, which 
descends automatically, as required. In the boat in question 
the supply will last for ten hours without recharging. Anthra- 
cite or coke is used. ‘The fire bars are of channel section, to 
enable them to hold ash and to better withstand the intense 
heat. They are supported on cams, and may be lowered 
towards either side to facilitate clinkering. A steam gen- 
erator is placed in the upper part of the producer. This 
consists of a shell with Field tubes, and serves the double 
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purpose of cooling the cases and generating steam, which is 
decomposed in the fire in order to supply the necessary gases 
for the explosive mixture. It should be explained, however, 
that there is an alternative means of generating steam by the 
exhaust gases from the engine, and this is fitted to the boat in 
question. The gas is passed from the producer into a cooling 
tower, there being a spray of water from the top which falls 
by gravity; and there is also a finely-divided water jet in- 
jected into the bottom by means of compressed air. This 
serves to free the gases from dust or other objectionable matter. 

For the effective working of the engine it is necessary that 
the gases should not contain moisture ; and to free them from 
water a centrifugal dryer is fitted. The dryer also removes 
any trace of tar that may have escaped through the cooler. 
The drier runs at a high rate of revolutions, and is driven by 
a belt from the engine crank shaft. It forms an essential part 
of the apparatus, and is a distinguishing feature of the system. 
Two small centrifugal pumps are connected to the drier 
spindle. One of these, to which reference has already been 
made, is for supplying cooling water to the engine and gas 
cooler, the other being for drawing off the dirty water from 
the cooler and discharging it overboard. For mixing the air 
and gas there is a double-seated valve situated in the inlet 
pipe near the engine, air and gas being automatically regu- 
lated to the proper mixture to suit the speed of the engine; 
but for different qualities of gas the air regulation is by hand. 

Preliminary trials have already been made with this sys- 
tem, and it has been found to give satisfactory results. 


COMPARATIVE LOSSES IN THE RUSSO-JAPANESE WAR. 
* * * * 


According to the figures given by the “Times” correspondent 
up to the date he states, Russia has lost 346,588 tons of fight- 
ing ships, not including minor craft ; while the Japanese Navy 
will emerge from the fight with a displacement of 25,435 tons 
greater than when the war began. This latter figure, how- 
ever, must be largely increased, as the latest information from 
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Japan shows that a number of the large Russian vessels which 
were sunk have been raised, and they will be added to the 
Japanese Navy. ‘The story of the Russian naval squadrons in 
Far Eastern seas since the war commenced is shown in the 


following table: 
RUSSIAN NAVY. 


: 
28 |8| 28 268 |8| 
| | tons. tons. | toms. | | toms. | | tons 
Battleships.......... | 15 | 180,980 12| 144,958 23,110/ I | 12,912 
Armored cruisers..| 7) 63,533 5 38,979 ---| | | 2| 24,554 
Sea-going coast | | | 
| 13,212, 1) 4,126 2| 9,086)... 
Cruisers .. 13 | 65,416 6 26,341... | 29,115) 2) 9,960 
Other kinds, ex- ais 
cluding con-| | 
verted cruisers..|21| 76,793 14) 25,222 11,700) 2/ 11,449) 4) 28,422 
24, 10,290 19 5,666 2; 590/11) 3,334) 2! 700 
— | —_|—____ 
Totals........ 83 410,224 57 245,292 44,486 19 | 56,810 | 10 | 63,636 


This table is not quite complete, as it does not include 
torpedo boats, special-service steamers, as well as converted 
cruisers and a number of vessels whose fate is uncertain. 
The broad result is very striking: out of a total of 83 ships, 
with a displacement of 410,224 tons, sent by Russia into the 
belligerent arena, only ten, with a displacement of 63,636 
tons, remain in her fighting line. 

The corresponding table for the Japanese Navy is to be 
found on page 879. 

This table also does not include torpedo boats, special-serv- 
ice steamers and converted cruisers. A comparison of the 
two tables brings out the fact that the Japanese force of 76 
vessels, with a displacement of 274,184 tons, has sunk or cap- 
tured 64 ships, with a displacement of 289,778 tons. On the 
other hand, while the Japanese have lost 12 ships, with a total 
displacement of 46,025 tons, they have captured or raised 
more than double this amount of tonnage. From the news- 
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papers received from Japan by last mail we see that the 
Japanese naval authorities call attention to the fact that the 
Peresviet, which has just been raised at Port Arthur, was one 
of the strongest ships in Russia’s Pacific Squadron. She left 


Kronstadt in 1go1. 
JAPANESE NAVY. 


'Engagedin Cap- In- 
the war. © Sunk. | tured. | terned , Remaining. 
| tome. | | toms. | | toms.| | toms. | tons. 
Battleships............. | 6| 86,299) 27,757 4. 58,542 
Armored cruisers..... 8| 74,178 8| 74,178 
Sea-going coast de- | a 
fence cruisers: .....| coe | 2| 20,392 
20, 68,481) 4) 12,733 | . |16) 55,748 
Other kinds............. 18 26,689 | 4) 4,797 | 21,892 
Destroyers.. ........... 22) 7,425) 2| 738 |...| |20| 6,687 
Totals........... 274,184 | 12 46,025 wee | 64 | 228,159 


The Peresviet and the Ossliabya were laid down in 1898, 
under Russia’s new program of naval expansion, and were 
supposed to embody the best results of modern naval progress. 
The approval that was accorded to them by expert opinion 
led to the laying down of the Podzeda, a sister ship, in 1899. 
These vessels did not carry a very heavy armament—four 10- 
inch and eleven 6-inch guns. The “Hochi Shimbun” says 
that the Po/tava will be the next vessel to be floated, and that 
she will be followed by the Podzeda. ‘The Poltava is a smaller 
type of vessel, and somewhat older. Her displacement is 10,- 
960 tons, and her speed only 16 knots. She is lying on an 
even keel. The /odzeda hasa slight list, but it is not expected 
that any serious difficulty will attend her raising. The 
Retvisan (battleship, 12,700 tons, completed in 1900) and the 
Pallada (protected cruiser, 6,630 tons) are said to be the most 
injured, but the expectation is that they too will be saved, and 
in that event the Sevastopol alone would remain at the bottom. 
This forecast, if trustworthy, means that there will be added to 
the Japanese Navy three first-class and one second-class battle- 
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ships, one first-class armored cruiser, and one protected cruiser. 
Adding the results of the battle in the Sea of Japan, and the 
salvage operations at Chemulpo, we get this table :— 


SHIPS TO BE ADDED TO JAPANESE NAVY. 


Tons. 
Orel, battleship, 1902, 13,516 
Retvisan, battleship, 1900, . 12,700 
Peresviet, battleship, 1898, ; 12,674 
Pobieda, battleship, 1900, . 12,674 
Poltava, battleship, 1894, 10,950 
Nicholai J, battleship, 1889, 9,700 
Bayan, armored cruiser, 1900, 7,800 
Varyag, protected cruiser, 1899, : . 6,500 
Pallada, protected cruiser, 1899, 6,630 
Seniavine, coast-defence ironclad, 1894, . 4,126 
Apraxin, coast-defence ironclad, 1896, 


It is stated that much of the success achieved in raising these 
ships is due toa new pumping machine recently imported. 
Two of these are at work. Each pumps 4,000 tons per hour. 
The name of Captain Sakamoto is specially mentioned in 
connection with the work. He commanded the unfortunate 
Yashima, and his exceptional skill in salvage operations has 
been conspicuous in the raising of the Bayan. These facts 
and figures speak volumes for the efficiency of the Japanese 
Navy, while the report of the Russian admiral reveals a state 
of affairs, both as regards men and material, which go a long 
way towards explaining the complete defeat of the Russian 
squadrons. The “Kokumiu Shimbun” remarks truly :— 
‘“* Never was a Navy burdened with a heavier and more onerous 
responsibilty than the Imperial Japanese Navy at the begin- 
ning of the war. The enemy’s Vladivostock and Port Arthur 
squadrons combined were in themselves a fair match for all the 
naval strength we could place under Admiral Togo’s command ; 
but, in addition, the enemy had the Baltic fleet to draw upon, 
while we had nothing more to fall back upon ; so that Admiral 
Togo’s work was not only to demolish a strong foe present— 
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a task hazardous enough in itselfi—but to exterminate his 
reinforcements to come. How well Admiral Togo executed 
his part the results very clearly show.” 

The war has also been the means of adding considerably to 
the Japanese mercantile marine. The appended list gives the 


Ship’s name. | Nationality. nage. 
5,627 
5. MAnjUr 6,193 
7. Resnick, sailing 87 
10. Kolic... 400 

II. Juliade....... ? 
12. Manchuria..... 2,937 

30. Palos | 2,398 
34. Powderham....... 3,019 
36. Romulus 2,630 
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merchant ships captured by the Japanese Navy, and no doubt 
it will interest many of our readers. When not described as a 
sailing ship, steamer is to be understood. It is to be noted that 
in no case was a non-combatant vessel sunk by the Japanese 
Navy. 

The Russian record of vessels captured is very different 
from that of the Japanese. It is not necessary to reproduce 
it, as it only contains the names of fifteen ships, which have 
an average tonnage of 234 tons, only one being over 1,000 tons. 


* * * * * 


—‘ Engineering,” London. 


_ TEST OF CURTIS STEAM TURBINE. 


The data given below was obtained from the test of a 2,000- 
kilowatt Curtis turbine (g00 revolutions per minute), made by 
Mr. Fredrick Sargent, of the firm of Sargent & Lundy, engi- 
neers, and Mr. Louis a Ferguson, vice-president and general 
manager of the Commonwealth Electric Company. 

The machine is of the General Electric Company’s standard 
four-stage type, designed in 1903, with a few changes, made 
as the result of experiments conducted during the past year. 
Other changes, to be embodied in future machines, but which 
could not be made in the one under test without rebuild- 
ing, are expected to give an even higher efficiency, and 
there seems to be no doubt but that the economy of these ma- 
chines will equal that of any of the best European types. 

On the strength of this test the Commonwealth Electric 
Company placed an order with the General Electric Company 
for two turbo-generators, each with a nominal capacity of 
8,000 kilowatts and a maximum short-period capacity of 
12,000 kilowatts. 

All instruments used were carefully tested and standardized, 
and the surface condenser used showed practically no leakage. 

Several preliminary tests gave results closely approximating 
those of the official one. 
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DATA FROM TEST OF 2,000-KILOWATT CURTIS STEAM TURBINE, SCHENEC- 
TADY, N. Y., MAY 3, 1905, 


FULL-LOAD TEST. 


Steam pressure (gauge), cee 106.3 
Back pressure (absolute), inches of mercury....... siebnnbaseuibocheseabaes 1.49 
Superheat, degrees 207 
Load, in kilowatts................ «oe 2,023.7 
Steam consumption per kw. hour, pounds....... 15.02 
HALF-LOAD TEST. 
Steam pressure (gauge), pounds............. 170.2 
Back pressure (absolute), inches Of Mercury.......sccsseeessssecssesecceeee 1,40 
Superheat, degrees 120 


Steam consumption per kw. hour, pounds .............ccesesscseseseeeeeees 16.31 
QUARTER-LOAD TEST. 


Steams pressure (Wangs), 155-5 
Back pressure (absolute), inches of mercury...........scseseeseeeeeeereees 1.45 
Superheat, degrees Fahrenheit 204 
Steam consumption per kw. 18.09 
ZERO LOAD. 

Duration of test, hours, .......... 1.33 
Back pressure (absolute), of 1.85 
Superheat, degrees 156 
Steam consumption per hour, POunds......c00.scceeseescceesseeserecesseeeens 1,510.5 


In addition to the data obtained from the test made by 
Messrs. Sargent and Ferguson the following water rates were 
obtained for the samme machine, running at goo revolutions 
per minute and 175 pounds absolute pressure, under different 
conditions of superheat and vacuum : 


100 degrees superheat............... 27% inched. Water rate = 17.15 
150 degrees INCHES, Water rate = 16.6 
200 degrees superheat............... 27% Water rate = 16.1 
100 degrees superheat.............+. Water rate = 16.7 
150 degrees superheat............... Water rate = 16.15 
200 degrees iMCheS, Water rate = 15.65 
100 degrees Water rate = 16.3 
150 degrees superheat............... Water rate = 15.75 
200 degrees Water rate = 15.25 
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At 150 pounds absolute takes 103.5 per cent of these values. 
At 200 pounds absolute takes 97.5 per cent. 

At 215 pounds absolute takes 96 per cent. 

At one-half load the water rate is approximately one pound higher. 


LAP JOINTS AND BOILER EXPLOSIONS. 


This journal has so frequently expressed its opinion that 
the most dangerous features in engineering works are generally 
the minor details, that it is hardly necessary to elaborate on 
the subject generally at this time. A specific instance of this 
truth is afforded, however, by the final report on an investiga- 
tion of the Brockton boiler explosion, made a little while ago 
by the Hartford Steam Boiler Inspection and Insurance Co. 
The preliminary report of the company on this very disastrous 
accident was printed in the Current News Supplement of this 
journal on April 1, and it was then stated that the explosion 
was probably caused by a lap-joint crack. The boiler was fre- 
quently and carefully examined, yet it blew up on the day after 
it was placed in service, after an idle period, while it was carry- 
ing only its regular pressure of 80 pounds. It was 6 feet in 
diameter and 17 feet long, and built of 3-inch fire-box steel, 
made by Carnegie, Phipps & Co. The thorough examination 
made by the company’s experts has led them to confirm their 
earlier statement of the cause of the explosion, and as the lap 
joint is used in about seven-eighths of the boilers now in serv- 
ice, it is manifest that it is a very important detail. 

It is well known that in the passage of a plate through the 
bending rolls, for the purpose of giving it the proper form for 
a boiler, a great deal of strain in the metal is inevitably caused. 
If this were not the case the sheet would not be curved after 
the process, for steel is sufficiently elastic to resume its original 
form after being subjected to large stresses. Another fact that 
can be observed at any set of bending rolls is the lack of uni- 
form curvature in a solid sheet at those edges where it enters 
and leaves the rolls. If these edges have been punched, the 
plate is often bent considerably along one of the lines of rivet 
holes. It is these edges which are brought together and 
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riveted, and it is often necessary to force them together by 
sledging or its equivalent. In the case of a lap joint, the extra 
strains coming on the metal do not cease with the completion 
of the manufacturing processes, for when the boiler is put in 
service the tension in the two plates has a tendency to twist 
the joint in a way perfectly apparent to the reader who will 
make a sketch of such a joint. For all these reasons it is 
manifest that the steel used in a boiler must be selected with 
full regard for its ability to withstand these special stresses, 
due to the use of the lap joint, and the necessity for marked 
ductility in the plates, particularly those of considerable thick- 
ness for shells of small diameter, needs no demonstration. 

Even with the best of care and materials a dangerous defect 
is liable to occur in the lap joint, which has received the name 
of the lap-joint crack. It was such a defect that caused the 
loss of 58 lives, injuries to 117 more people and the destruction 
of property valued at about a quarter of a million dollars. 
With such facts before one it is almost criminal to look upon 
the design of boiler details other than with extremely critical 
eyes, or to fail to study this peculiar class of cracks. 

The lap-joint crack is defined by the Hartford company as a 
fracture of one of the plates, which follows the general course 
of the joint under the extreme edges of the rivet heads in such 
a position as to be entirely covered by the projecting lap of 
the unaffected plate. They have been discovered many times 
in this country and abroad, and in Great Britain some of the 
leading authorities on boiler construction have drawn atten- 
tion specifically to their dangerous nature. The main fact to 
observe is that the crack, no matter which plate it may be in, 
always starts from that face of the affected plate which is in con- 
tact with the overlapping plate, progressing into the metal more 
and more deeply until the boiler is weakened perhaps to the point 
of explosion. It cannot be seen from either the outside or inside 
of the shell until it has penetrated clear through the metal or 
has run into a rivet hole, so that its presence is shown by escap- 
ing steam or minute cracks. Before such indications can be 
observed the boiler may have reached a condition of extreme 
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danger. ‘The inspectors of the Hartford company have found 
examples of such cracks running for long distances along the 
joint without perforating the metal at any point, and Mr. 
Fletcher, of the Manchester Steam Users’ Association, has: 
made a somewhat similar assertion concerning an examination 
he once made. 

This danger has been so well known that some boiler de- 
signers and makers are urging the passage of legislation for- 
bidding the use of boilers having lap joints. They assert that 
no boiler having butt joints has ever exploded, but neglect to 
add that the number of these boilers is very small compared 
with the other type. It is a question whether such a legal 
prohibition is advisable. A well-made lap joint in a boiler 
constructed of suitable steel is not essentially dangerous, 
although the result is by no means so good as a boiler of equal 
quality with butt joints. Instead of prohibiting the use of the 
lap joint it would be wiser for the present to hedge its use 
about with so many precautions that it will become as safe as 
such construction can be made.—“ Engineering Record.” 


SHIPS. 


UNITED STATES. 


Kansas—Launch of.—The U. S. battleship Kansas was suc- 
cessfully launched from the yard of the New York Shipbuild- 
ing Company, Camden, N. J., at noon on August 12th. 

The construction of the Aawsas, together with her sister 
ships, the Vermont and Minnesota, was authorized by an act of 
Congress in 1903. 

The general characteristics of these vessels are as follows: 
Trial displacement, 16,000 tons; mean draught for trial dis- 
placement, 24 feet 6 inches; length on load-water line, 450 
feet; length over all, 456 feet 4 inches; breadth, extreme, 
76 feet 10 inches; speed, 18 knots. 

The main battery will consist of four 12-inch, eight 8-inch, 
and twelve 7-inch breech-loading rifles. In the secondary bat- 
tery there will be twenty 3-inch rapid-fire guns of 50 calibers 
in length, twelve 3-pounder semi-automatic, six 1-pounder 
automatic, two 1I-pounder semi-automatic guns, two 3-inch 
field pieces, two machine guns of .30 caliber, and six automatic 
guns of .30 caliber. 

For armor protection there will be a complete water line 
belt 9 feet 3 inches wide and 9g inches thick for a distance of 
about 285 feet amidships, with a reduction to 4 inches at the 
bow and stern; the armor for the lower casemate is to be 7 
inches thick for the sides and 6 inches athwartships, while for 
the upper casemate the thickness is 7 inches for both sides 
and athwartships. 

For the 12-inch guns the turret armor is 12 inches at front, 
8 inches on sides and rear, and 2} inches on top; that for 
the barbettes*is 10 inches at front and 7} inches at rear 
above the gun deck, and 6 inches throughout between the 
gun and protective decks. 
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In the case of the 8-inch guns, the turret armor is 6} inches 
at front, 6 inches at sides and rear and 2 inches on top; the 
barbette, 6 inches front and 4 inches rear. 

For the conning tower and shield the thickness is 9 inches 
throughout, with 2-inch top plates, and a 6-inch central tube 
having an internal diameter of 36 inches. 

The protective deck will be of two courses, the lower one 
of 20-pound ship steel and the upper of 40-pound nickel-steel 
on the flat and 100-pound nickel-steel on the slopes and at ends. 

A cofferdam about 30 inches wide will extend aft from 
the bow to within 16 feet of the stern. 

The propelling machinery will consist of two vertical, in- 
verted, 4-cylinder, direct-acting, triple-expansion engines, de- 
signed to develop 16,500 horsepower when running at 120 
revolutions per minute with a steam pressure of 250 pounds in 
the high-pressure cylinder. 

The cylinder diameters are 32}, 53 and (two) 61 inches, 
with a common piston stroke of 48 inches. 

The boilers, of the Babcock & Wilcox type, twelve in num- 
ber, have a total grate surface of 1,100 square feet, and 52,752 
square feet of heating surface. 

There are two main condensers, each with 10,375 square 
feet of cooling surface. 

Provision is made for a complement of 856 officers and 
men. 

Bennington.—Aorler Explosion.—On the morning of July 
21st, while getting up steam, preparatory to proceeding to 
sea, the collapse of a furnace in one of the Bennington’s 
boilers resulted in the death of one officer and sixty-one en- 
listed men, the injury, more or less seriously, of forty others, 
and much damage to the ship. 

The lower furnace of boiler B (the port forward one) col- 
lapsed, causing this boiler to be driven aft against boiler D, 
liberating the steam contained in both boilers, wrecking the 
steam piping and, through breaking of sea valve connections, 
permitting entrance of water to hull. 

The vessel began to settle with heavy list to starboard, 
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making it necessary to beach her, with the assistance of tugs, 
to prevent sinking in deep water. 

The heavy loss of life was caused principally by scalds and 
burns, due to escaping steam and water. No one in the fire- 
rooms escaped. 

The accident is supposed to have been due to the accidental 
closing of the valve or pipe leading from boiler B to its steam 
gauge and the failure of the safety valve to lift upon the 
formation of an excessive steam pressure. The steam gauge, 
being disconnected, registered no pressure, and the water ten- 
der in charge was evidently not aware of the fact that pressure 
had formed until a few moments before the explosion, when 
a slight leak in the boiler was detected. 

An examination and test of the material of the collapsed 
furnace showed it to be of good quality. : 

The boilers of the Bennington are about fourteen years old, 
having been in the ship since the time of her building in 1891 ; 
they are four in number, of the low, cylindrical, straightway, 
fire-tube type, with three furnaces each. 

Wyoming—Accident to.—On the morning of July 18th, 
while at sea, ex route from Panama to San Francisco, the 
U. S. S. Wyoming, lost her starboard propeller, the shaft 
having fractured just abaft the strut bearing. An examina- 
tion by divers showed evidence of an old crack. 

Paducah—7yial of—The standardization and four-hour 
official trials of the gunboat Paducah were made at Newport, 
R. L, on August 15th and 16th. 

The vessel, which was required by the contract to maintain 
an average speed of 12 knots for four consecutive hours, real- 
ized 12.85 knots without difficulty or mishap. 

A complete description of this vessel and her sister ship, 
the Dubuque, appears in the first part of this number of the 
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Kaiman—ZLaunch of—The first-class torpedo boat Kazman, 
built for the Austro-Hungarian Government by Messrs. Yarrow 
& Co., was successfully launched from their yard at Poplar 
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on Friday, June 2d. She is the first of a special type, the 
authorities in Vienna having determined to completely reor- 
ganize their torpedo flotilla upon most modern lines. The 
Kaiman will be propelled by a singlescrew. The machinery 
will be similar to that adopted in the Austrian destroyer 
Hluszér, launched on the 31st ultimo by the same constructors, 
the difference between the two types of vessel being that the 
destroyer will be fitted with two sets of machinery, while in 
the torpedo boat there will be one set, the machinery in the 
two classes being identical, the object of which is to secure 
interchangeability throughout the torpedo flotilla to the 
fullest possible extent. A large number of these vessels is 
being constructed in Austria, the Huszdér and Kaiman, built 
by Messrs. Yarrow, serving as patterns. The design of both 
types will be generally similar to corresponding vessels built 
by the same firm for the Japanese Navy, subject to improve- 
ments which recent experience has indicated as desirable. 
The Destroyer Huszar.—Last week a trial was made, off the 
mouth of the Thames, of the destroyer Huszdér, built by 
Messrs. Yarrow & Co. for the Austro-Hungarian Government. 
This vessel, as already stated in a former issue, has been built 
to serve as a pattern vessel for a large number of sister craft 
which are to be constructed in Austria, the naval authorities 
of that country having determined to reconstruct their torpedo 
flotilla. To this end they have also ordered from Messrs. 
Yarrow & Co. a first-class torpedo boat to serve as a model for 
similar boats which are to be built in Austria. Of these craft, 
five destroyers are being constructed at the Stabilimento Tech- 
nico, of Trieste, and six will be built at Fiume. Nineteen of 
the torpedo boats will be built at the former establishment 
and ten at Fiume. The Xazman, which is the name of the 
model torpedo boat launched at Poplar on June 2d, is 
180 feet 6 inches long and 18 feet 6 inches wide, the draught 
being 8 feet 6 inches and the displacement 200 tons. The 
propelling engines will develop 3,000 indicated horsepower, 
and the speed is to be 25? knots with a load of 55 tons. The 
armament will consist of four 1.85-inch guns and three 18-inch 
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torpedo tubes. The vessel’s complement will be two officers 
and twenty-five men. 

To return to the destroyer tried last week, her length is 220 
feet and her breadth 20 feet 6 inches, the depth being 13 feet. 
The total displacement with 100 tons on board—the contract 
trial weight—is 400 tons. The hull is constructed of the 
high-tensile steel which is made especially for torpedo craft. 
The conning tower is of chrome-steel and is bullet proof at a 
range of 20 yards point blank. The armament consists of 
two 18-inch torpedo tubes on deck, one 76-millimeter gun on a 
platform forward, and seven 47-millimeter quick-firing guns. 
Provision is made for carrying two spare torpedoes. 

The propelling machinery consists of two sets of four- 
cylinder three-stage compound engines, driving twin three- 
bladed screws, each set developing 3,000 indicated horsepower, 
or 6,000 indicated horsepower collectively. The four-crank 
engine has been preferred, although it is heavier and more 
costly, because it gives less vibration than the three-cylinder 
arrangement. The engines are, of course, balanced on the 
Yarrow-Schlick-T weedy system, and on the trial the Huszdr 
ran at full speed in a most satisfactory manner in regard to 
vibration. Vibration, it may be added, is not only a question 
of convenience and comfort, but it has been found to be a 
matter that affects the health of the crew after a period of 
continuous running. 

There are the usual auxiliaries, including electric-light in- 
stallation for lighting the vessel and for the projectors, steam- 
steering gear and evaporating and distilling apparatus. There 
is a steam capstan forward. ‘There are two 8-cwt. anchors of 
the ordinary Admiralty pattern. In order to provide for the 
housing of these, without masking the fire of the forward guns, 
a special tilting table has been devised by the Austrian au- 
thorities. The boilers are four in number, and are of the 
Yarrow straight-tube variety. The destroyer will have a com- 
plement of five officers and sixty-four men. 

The Huszér is interesting, as she is similar—excepting in 
some details suggested by recent experience—to the destroyers 
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which Messrs. Yarrow & Co. built some short time ago for the 
Japanese Government, and which have been doing such ex- 
cellent service for their side during what may, perhaps, be 
described as the late naval war. The Japanese boats, how- 
ever, made a speed of 31 knots on trial, whilst the contract 
speed of the Huszdér is 28 knots; but the Japanese boats were 
tried with a load of 40 tons, whilst, as stated, the trial load of 
the Austrian vessels is to be 100 tons. This is a reduction of 
speed of 1 knot for about every twenty tons additional weight. 
The most marked difference between the Austrian and, 
Japanese boats consists in the arrangement of the funnels and 
uptakes of the boilers. With these high-powered vessels the 
boiler space necessarily occupies a considerable length of the 
forward middle part of the hull, and this brings the foremost 
chimney very near the bow. This in turn pushes forward the 
navigating bridge, so that there is quite a short length of the 
vessel in front of the steering wheel. Every sailor knows how 
much easier it is to maneuver a vessel when the whole length 
is in front of him, but this cannot be arranged with modern 
steamers of this type, and, practically, the bridge must be in 
front of the funnels. With three-quarters or more of the ship 
out of sight, and that three-quarters swinging through the 
largest arc when the helm is put over, it is extremely difficult 
to maneuver these light craft in narrow or crowded waters, 
especially when a strong wind is blowing, whilst the tactical 
advantage of accurate steering can hardly be over estimated. 
To get the boilers into the vessel and to keep the bridge a 
reasonable distance from the bow was the problem to be solved, 
and this has been done in the //wszér in a very simple man- 
ner. ‘The chimney of the forward boiler—there is a funnel to 
each boiler—is carried aft by bringing the uptake horizontally 
over the stokehold by means of a raised superstructure, and in 
this way an addition of 17 feet or 18 feet of “sighting” is 
secured. There appears to be no serious obstacle to the plan 
being still further extended, so that the wheel could be placed 
still further aft, or the bridge being kept further away from 
the chimneys—a desirable feature with a leading wind. 


SHIPS. 893 


The trial of last Thursday week was of a preliminary nature 
in regard to speed, the time being chiefly devoted to the usual 
anchor trials. Four runs were, however, made on the Maplin 
mile, the vessel realizing the contract speed of 28 knots with 
the boilers steaming easily, the pressure averaging about 200 
pounds to the square inch, or 65 pounds less than that at which 
they are designed to work, and the revolutions averaging 380 
per minute. 

The official full-speed trials took place on Tuesday, June 
20, when a speed of 28.537 knots was attained during a con- 
tinuous run of three hours, the vessel being loaded with roo 
tons. The Austro-Hungarian Government was represented 
by Captain Josef Ritter von Schwartz, naval attaché ; Captain 
Franz Ritter von Keil; Baron Franz von Preuschen; Marine 
Engineer Rudolf Zhernotta; Herr Josef Grond; Engineer 
Anton Tonsa; Herr Hans Musurka, and Herr J. Seifrids- 


berger. The vessels were constructed under the two last- | 


named officials. Mr. W. W. Marriner and Mr. Harold Yarrow 
were in charge of the trials on behalf of Messrs. Yarrow & Co.— 
“ Engineering,” London, June 23. 


BRAZIL. 


The additions which Brazil proposes to make to her fleet are 
expected to comprise three iron clads, with a displacement of 
12,500 tons to 13,000 tons each; three armor-plated cruisers, 
with a displacement of 9,200 tons to 9,500 tons each; six tor- 
pedo-boat destroyers, with a displacement of 400 tons each ; 
six torpedo boats with a displacement of 50 tons each; three 
Holland submarines, and a transport with a displacement of 
6,000 tons. It is proposed that the iron clads shall each carry 
sixteen guns; the armor-plated cruisers are to steam at the rate 
of 21 knots, and the torpedo-boat destroyers are to attain a 
speed of 31 knots. The execution of the program is to extend 
over nine years, divided into three terms of three years each. 
The cost which it will involve is estimated at £7,120,000.— 
“ Engineering,” London. 
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ENGLAND. 


Hibernia—Launch of.—The battleship Azbernia, of the 
King Edward VII class, was launched at the Devonport dock- 
yard on June 17th. The principal dimensions are: Length 
between perpendiculars, 425 feet; extreme breadth, 78 feet ; 
draught of water forward, 26 feet 3 inches; aft, 27 feet 3 
inches, and load displacement, 16,350 tons. The engines will 
consist of two independent sets of the vertical triple-expansion 
type, each having four cylinders. Each set will be capable of 
developing 9,000 indicated horsepower, with 120 revolutions 
per minute. The speed contracted for at full power is 18} 
knots. There will be eighteen water-tube boilers of the Bab- 
cock & Wilcox type, and three cylindrical boilers. The 
armament consists of four 12-inch breech-loading guns, worked 
in two barbettes, four 9.2-inch breech-loading guns in four 
barbettes, ten 6-inch breech-loading guns worked in a battery, 
twelve 12-pounder, 18-cwt., quick-firing guns, two 12-pounder, 
8-cwt., quick-firing guns, fourteen 3-pounder quick-firing guns, 
two .303 Maxim guns and four submerged torpedo tubes. The 
total complement of officers and men will be 781. 

(For further data as to this type, see Vol. XVI, pp. 998 
and 1315, and Vol. XVII, p. 134.) 

Achilles.—This British first-class armored cruiser was 
launched on June 17 from the yard of Armstrong, Whitworth & 
Co., at Elswick. The Achilles is one of four vessels provided for 
in the naval estimates of 1903-4. These vessels are known as 
the Warrior class, built on French lines, with guns in single 
turrets placed high up. The Achilles is 480 feet long, 73 feet 
6 inches broad, 40 feet 1} inches deep, with a draught of 27 
feet. Her displacement is 13,660 tons, and her armament is as 
follows: Six 9.2 and four 7.5 breechloading guns, two 12- 
pounders and twenty-four 3-pounder quick-firing guns, two 
Maxim guns and three submerged torpedo tubes. The armor 
belt is six inches thick. Her speed will be 22 knots an hour. 

(For further details see Vol. XVII, p. 546.) 

Roxburgh— 777a/ of.—This cruiser, built by the London and 
Glasgow Shipbuilding Co., Glasgow, for the Admiralty, pro- 
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ceeded to sea on her official trial trip recently. She is the 
fourth of the cruisers of the Devonshire class which have 
passed through their steam and gun trials, and her speed 
record, as the mean of four runs over the measured mile on the 
Clyde, was 23.63 knots (the highest attained by any vessel of the 
class), to attain which the Roxrdurgh developed more power 
than the others. The engines throughout the eight-hours’ 


trial maintained an average of 21,857 indicated horsepower,. 


which is 857 indicated horsepower over that guaranteed in the 
contract. The starboard engine made 143 revolutions per 
minute, and developed 10,734 indicated horsepower, whilst 
the port engine for 144 revolutions indicated 11,123 indicated 
horsepower. The air pressure in connection with the tank 
boilers was 13 inches, and in the water-tube boilers 1 inch, 
the latter of the Durr type. The steam pressure was 204 
pounds at the boilers, and the coal consumption worked out 
to 2.31 pounds per indicated horsepower per hour. In the 
first of the coal-consumption trials of thirty hours’ duration, 
to Portsmouth, with the engines making 86} revolutions per 
minute, the power averaged 4,634 indicated horsepower, giv- 
ing the ship a speed of 14.4 knots. The coal consumption 
on this trial was at the rate of 2.09 pounds per indicated horse- 
power per hour. The gun trials having been carried out in the 
English Channel, the Roxburgh returned to the Clyde, making 
the second of the coal-consumption trials of thirty hours’ du- 
ration, when, at an average rate of 127.4 revolutions, 15,005 
indicated horsepower was shown, and the coal consumption 
1.991 pounds per indicated horsepower per hour. On four 
runs over the measured mile at Skelmorlie, the mean speed 
was 21.54 knots. 

(For detailed description of this class see Vol. XVII, pp. 
430 and 443.) 

Scout Skirmisher—77zals of—H. M. S. Skirmisher, the 
second of the vessels of the class designed and constructed 
complete for commission by Messrs. Vickers Sons & Maxim, 
Limited, at the Naval Construction Works, Barrow-in-Furness, 
completed this week her specified trials, which, as in the case 
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of the other vessels, included a 96-hours’ coal-consumption 
test, an 8-hours’ full-power trial, as well as gun, circling and 
general maneuvering performances. The first of the vessels 
was the Sentinel (see JOURNAL A. S. N. E., Vol. XVII, 
page 208). She has now been in commission for some time, 
is now engaged on an extended cruise, and, peculiarly enough, 
was at anchor at the Tail of the Bank on the Clyde, to greet 
her sister ship on her return from the full-power test on June 
6th. Although we have already described the vessels of the 
class, it may be said here that the Vickers ships are 360 feet 
in length, 40 feet in beam, and at their full load displacement 
of 2,940 tons they carry a coal supply sufficient to enable them 
to steam at a cruising speed of between 10 and 12 knots for 
1,500 miles. The draught under those conditions is 14 feet 3 
inches. The constructors guarantee a speed at load draught 
of 25 knots, and, to attain this, triple-expansion engines, driv- 
ing twin screws, were fitted to develop 17,000 indicated horse- 
power. The Sentinel on her trials easily exceeded this guar- 
antee, and now the Skirmisher has repeated the same satis- 
factory performance, her mean speed on the 8-hours’ run 
being 25.2 knots, when developing 16,899 indicated horse- 
power. 

The trials of the Skzrmzsher have been carried out within 
a comparatively short period of time. She only left Barrow 
on May 23, and after a preliminary trial in Morecambe Bay 
proceeded to the Clyde, where she arrived on May 24th. The 
first preliminary progressive trial was carried out on the 25th, 
when the vessel worked up to a speed of 20 knots. Two days 
later she continued the progressive runs, the machinery de- 
veloping the necessary power to give the speed of over 25 
knots. The vessel then proceeded on her 96-hours’ coal-con- 
sumption trial, beginning on May 30 and terminating on June 
3d. The performance on this trial showed the machinery to 
be economical. On the first half of the trial the speed attained 
was 10.6 knots for 904 indicated horsepower, and the coal con- 
sumption showed that 10.3 nautical miles were covered for 
each ton of coal consumed. On the second half of the trial 
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the results were equally satisfactory ; the speed was 10.9 knots 
for 995 indicated horsepower, and the coal consumption was 
equal to 1 ton for each ro nautical miles steamed. ‘Table I 
gives the official results for the 96-hours’ trial. With a mean 
steam pressure in the boilers of 177 pounds and at the high- 
ptessure receiver of the engines of 44 pounds, the power 
for 79.6 revolutions was 949 indicated horsepower. This 
gave a speed of 10} knots, while the coal consumption worked 
out to practically one ton per 10 knots steamed. The coal con- 
sumption is debited with the cost of making up the loss of 
water in the evaporators; although only 15.9 tons were lost 
during the four days and nights of steaming, the evaporators 
made 16.67 tons. One more point which ought to be noticed 
is that the vessel had not been in drydock since April 17 ; and 
when later she was docked, preparatory to the 8-hours’ full- 
power trial, it was found that the hull was by no means clean. 


Table I.—RESULTS OF 96-HOURS’ COAL-CONSUMPTION TRIALS OF H. M. S. 
SKIRMISHER, MAY 30 TO JUNE 3, AT CRUISING SPEED. 


Mean steam in boilers, pounds 
at engines (high-pressure receiver), pounds... 
air pressure in stokeholds 
cut off in high-pressure cylinder, per cent............. - 
vacuum, inches 
revolutions per 
Mean pressure in cylinders : 
High, pounds 
Low, forward, pounds .. 
Low, aft, pounds 
Indicated horsepower : 


Total indicated horse 

Gross total indicated horsepower .. vepsnsvedaeesberwebesodn 

Coal, per indicated horsepower, pounds. . 

Sea miles per ton of 

Speed, knots 

—_ of water (tons per 1,000 indicated horsepower per 24 
ours) 

Total loss of water for all 96 hours, tons 

Water made by evaporators, tons 


4 
ag 
Star- 
board. | Port. 
| 177 177 
47. 
nil, nil, 
35 35 a 
25-7 25-5 
79.6 79-7 
| 20.9 18.9 
Be. 2.32 
2.35 
57 _ 83 
| 471 478 = 
949 
2.5 
10.075 
10,756 
15.9 
' 
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The eight-hours’ full-speed trial was run on June 6th, and 
the weather conditions were satisfactory, there being only a 
slight breeze from the northeast. The vessel, soon after leav- 
ing the anchorage, commenced her trial at 9 o’clock, and six 
runs were made over the measured mile, occupying 1 hour and 
25 minutes. ‘The vessel thereupon continued down the Firth, 
and the speed for the whole eight hours was measured by the 
average number of revolutions required on the six runs over 
the measured mile for 25 knots. The revolutions for 25 knots 
are almost. exactly 200, and throughout the succeeding 6}- 
hours’ run the engines made 201.55 revolutions, the power 
being on the 6}-hours’ run 17,013 indicated horsepower, while 
for the whole of the eight hours the mean was 16,899 indi- 
cated horsepower. The average speed was 25.2 knots. We 
append the mean results attained during the 6} hours follow- 
ing the measured-mile performance : 


Table I1.—RESULTS OF FULL-POWER TRIAL OF H. M. S. SK/RM/SHER, JUNE 


Star- 


Mean steam in boilers, 
at engines (high-pressure receiver), "pounds... 
Air pressure in stokeholds, inches 
cut off in high-pressure cylinder, per cent 
vacuum, inches 
revolutions per minute 
Mean pressure in cylinders : 
Low, aft, pounds 
Indicated 
High 


Total indicated horsepower ....... 

Gross total indicated horsepower 

Water loss per 1,000 indicated horsepower per 24 hours, 
tons 

Total loss of water for all 8 


These results are very satisfactory. The starboard and port 
engines ran at almost the same speed, and gave practically the 


6, 1905. 
| Port. 
253 253 
239 239 
2.3 2.3 
75 75 
25-5 25-3 
: 201.5 201.6 
103.5 106.1 
36.7 38.8 
19.7 16.4 
19 19.6 
2,624 2,693 
Low, SOT 1,757 | 1,465 
8,581 8,432 
17,013 
2.33 
13.16 
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same indicated horsepower. ‘The trial concluded at 5 o’clock, 
and the ship anchored. On the completion of the gun, anchor- 
ing and circle trials on Thursday, the vessel returned to Bar- 
row to be completed for commission. Messrs. Vickers Sons 
& Maxim, Limited, will be the first firm to deliver their 
pair of scouts.—“ Engineering,” London. 

Scouts Pathfinder and Patrol—77za/s of—The length be- 
tween perpendiculars is 370 feet; breadth, 38} feet; and the 
vessels have a displacement at normal draught of 2,850 tons. 
The hull is built generally of mild steel, with special steel in 
parts of the structure subjected to the greatest stresses, and is 
well subdivided into numerous watertight compartments. A 
steel] protective deck worked in the region of the water line 
(except over engines, where it is at the level of the upper 
deck,) extends from stem to stern, being g-inch thick on the 
flat portions and 1} inches thick on the slopes. Side armor 
of 2-inch K. N. C. steel is worked in the wake of the engines, 
extending from well below the water line to the height of the 
upper deck—an arrangement which conduces to large and 
airy engine rooms. ; 

The Pathfinder encountered very rough weather on her 
earlier official trials, and won high praise for her steadiness in 
aseaway. ‘The coal stowage in these two vessels was made a 
special feature of the design, and bunkers are provided both 
above and below the protective deck, with a capacity sufficient 
to give the vessel a radius of action of 6,000 miles at an 
economical speed. 

The vessels all carry an armament of ten 12-pounder quick- 
firing guns of the new 18-cwt. pattern, eight 3-pounder 
quick-firing guns, and two 18 inch torpedo-tubes. Three of 
the 12-pounders are placed on the- forecastle, three on the 
upper deck aft, and the remainder in the waist of the vessel. 
Cabin, messing and sleeping accommodation is provided for 
a complement of 286 officers and men. 

The machinery consists of two sets of four-cylinder triple- 
expansion engines in separate watertight compartments, bal- 
anced on the Yarrow-Schlick-Tweedy system, the low-pres- 
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sure cylinders being placed at the ends. To obtain the full 

advantage of the keelsons for supporting the machinery, and 
to maintain the longitudinal keelsons as deep as possible, the 
engine-bed plates are made of special design, sunk in and 
secured between the longitudinals, thus securing a very 
strong and stiff arrangement with a minimum of weight. The > 
valve gear is of the ordinary double-eccentric double-bar link 
type. Piston valves, taking steam inside, are fitted to the 
high and intermediate engines, the low-pressure being fitted 
with double-ported flat slide valves having relief rings at the 
back. The cylinders are of the following dimensions: High- 
pressure, 32} inches; intermediate pressure, 51} inches; and 
each low pressure, 58 inches in diameter, with a stroke of 2 
feet 6 inches, The steel shafting is hollow throughout, the 
crank shaft being 13} inches external diameter, with 63 inches 
bore. ‘The condenser shells are of sheet brass, 6 feet 2 inches 
in diameter, one for each engine, the total cooling surface be- 
ing 14,000 square feet. Special arrangements have been 
‘made’ to ensure a minimum of vibration to the tubes. The 
air pumps are Weit’s independent type, one double pump 
being fitted to each engine. The pipes to the centrifugal 
circulating pumps are 17 inches in diameter. Special atten- 
tion has been given in the design to the lubricating arrange- 
ments on the main engines, the outcome of which has been 
satisfactory. There are twelve water-tube boilers of the well- 
known Laird type, fired from four stokeholes. The working 
pressure is 275 pounds per square inch. ‘The total heating 
surface is 43,800 square feet, and the total grate area 656 
square feet. 

The contract trials for each boat consisted of a 96-hours’ 
trial at between 10 and 12 knots and a full-power trial of 
eight hours, during which a speed of 25 knots had to be ob- | 
tained. Throughout these trials the machinery worked in 
the most satisfactory manner, and in both vessels the trials 
were completed within a very short period. H. M.S. Path- 
Jinder commenced her 96-hours’ trial on March 26, and ran 
her full power on April 8. H. M.S. Patrol ran her g6-hours’ 
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on June 1 to 5, and her full-power trialon June 17. The 
following are some of the results, the full-power records being 
those for 6} hours after completing the miles. 


H. M. S. Pathfinder. H. M. S. Patrol. 


. |Full power. . |Full power. 


Speed (knots) 25-345 25.062 
Revolutions 220,2 a 213.5 
Coal per I.H.P., pounds a 2.18 “fe 
Water loss per 1,000 I.H.P., 
per 24 hours, tons 3 3.13 ‘ 1.33 


All steering and maneuvering trials were successfully car- 
ried out, and both vessels are rapidly approaching completion 
for commission ; in fact, the Pathfinder will leave Birkenhead 
during the first week of July, well within her contract date.— 
“ Engineering,” London. 

Steam Trials of H. M. S. Foresight—The scout Foresight 
—the second of the vessels of this type, built by the Fairfield 
Shipbuilding and Engineering Company—has concluded her 
official trials with most satisfactory results. ‘This vessel is in 
all respects the same as. the Forward, which completed her 
trials in May last; and as we then entered into details of the 
design of the ship and her machinery, we need not refer 
further to this matter than to say that the length of the 
vessel between perpendiculars is 365 feet and the beam 38 
feet g inches. The designed displacement is 2,945 tons 
when the vessel has a draught of 14 feet 5 inches. The ma- 
chinery is of the four-cylinder triple-expansion type, designed 
to develop 16,500 horsepower; but, as will presently be shown, 
the Foresight, like her sister ship, the Forward, exceeded the 
required speed, the power being only 14,300 horsepower, while 
in the Forward it was 15,000 horsepower. The boilers are 
of the modified Thornycroft type, with 42,960 square feet of 
tube surface and 752.4 square feet of grate area. 

The first trial consisted in a coal-consumption test of 98 
hours’ duration at an economical cruising speed, and, as in 
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the case of the Forward, 10} knots was found to be the most 
satisfactory rate. This speed, as is shown in Table I, was 
realized for 810 horsepower; the rate of coal consumption 
being 2.5 pounds, which is.an improvement on the Forward. 
In that vessel the power was 29 indicated horsepower greater 
and the coal consumption 0.16 pound per unit higher. 

Table I.—RESULTS OF 96-HOURS’ COAL-CONSUMPTION TRIAL OF H. M. S. 

FORESIGHT, JUNE 24, 25, 26 AND 27, 1905, AT 10.552 KNOTS SPEED. 


Draught, forward, 13 feet, 2} inches; aft, 14 feet, 10} inches. 


Star- 
board, | Port 
Mean steam in boilers, pound..................ccsesessseesessseeoseees 167 167 
at engines (high-pressure receiver), pounds....| 50 53 
air pressure in nil. nil. 
cut-off in high-pressure cylinder, per cent...... eoeicceses 33 33 
revolutions per minute 80.47 80.16 
Pressure in cylinders : 
Low, forward, 2.17 1.85 
aft, pounds 2.17 1.9 
Indicated horsepower : 
Total indicated horsepower 
Gross total indicated horsepower 
Coal, per indicated horsepower, per hour, pounds... 2.5 
Water loss per 1,000 indicated horsepower, per 24 hours, tors. 3.56 
Speed, mean of 24 runs on mile, km0ts...............sceeeseeeeeees 10.697 


Asa consequence of the reduced consumption the coal to be 
carried on the full-power trial was considerably less, so that 
the displacement was much below that designed for. Loaded 
with coal to enable her to run at 10} knots for'1,500 miles at 
the rate of coal consumption and the power mentioned, the 
vessel proceeded on June 30 on her full-power test, which 
was to consist of six runs over the measured mile at Skel- 
morlie, steaming for 64 hours afterwards, making 8 hours 
in all, at a guaranteed rate of 25 knots. This result was 
easily realized, the air pressure in the stokeholds throughout 
the trials being between 1 inch to 1} inches, while the cut-off 
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at the high-pressure engines was at 60 per cent. of the stroke. 
As shown in Table II, the engines worked at practically 211 
revolutions, and averaged 14,330 indicated horsepower, the 
mean speed being 25.224 knots. 


Table II.—H. M. S. FORESIGHT. SIX RUNS ON MEASURED MILE AT FULL 


SPEED, JUNE 30, 1905. 


993 


Run. Revolutions. Speed. 

I 206.7 25.175 13,723 

2 214 25.14 14,956 

3 211.2 25.46 14,732 

4 211.2 25.035 14,770 

5 208 7 25.316 14,029 

6 207.5 24.76 13,772 
MEA€ND 210.99 25.224 14,330 


This is slightly better than in the case of the Forward, 
which for 15,000 horsepower gave 25.286 knots. The differ- 
ence, however, is probably accounted for by the less amount 


Table II1I.—RESULTS OF FULL-POWER EIGHT-HOURS’ TRIAL OF H. M. S, 


FORESIGHT, JUNE 30, 1905. 


Mean steam in boilers, pounds..... ........ 
Mean steam at engines (high-pressure 
Feceiver), 
Mean air-pressure in stokeholds, inches.. 
Mean cut-off in high-pressure cylinder, 
Mean vacuum, 
Mean revolutions per minute 
Mean pressure in cylinders: 
Intermediate, 
Low, forward, 
Indicated horsepower, 
intermediate ...... 
low, forward....... 


Total indicated horsepower.................. 
Gross total indicated horsepower.......... 
Total loss of water for all 8 hours, tons.. 
Water loss per 1,000 I.H.P. per 24 


| Mean of sixruns| Mean of subse- 


on measured 


quent 64 hours 


mile. of trial. 
Starboard. Port. |Starboard.| Port. 
245 245 245 245 
230.5 229 232.8 232 
I I 1.4 
60 60 60 60 
25 25 25 24.7 
210.1 209.6 210.3 210 
33-4 33-4 32.6 32.5 
14.4 14 14.3 14.5 
14.3 14.6 14.5 15 
2,673 2,734 2, 2,731 
2,131 | 2,129 2,114 2, 
1,175 1,136 1,167 1,169 
1,161 I, 1g! 1,179 1,210 
7,149 | 7,190 7,129 7,179 
14,330 14,3 
1.08 


25.224 
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of coal required to be carried in the bunkers, so that when the 
bunkers are carrying their full load the vessel will easily ex- 
ceed her speed while giving a much greater radius of action. 
In Table III the result of the engine’s performance, not only 
on the six runs over the measured mile, but on the subsequent 
63-hours’ trial, are set out. 

Throughout the whole six hours the vessel steamed very 
easily, while the loss of water was only about 1 ton per 1,000 
horsepower per 24 hours, as compared with 2.71 tons in the 
case of the Forward.—“ Engineering,” London. 

Dreadnought.—The new British battleship Dreadnought, 
included in the navy program of the current financial year, 
is to excel any vessel yet built, and for this purpose will be 
fitted with ten 12-inch guns. Hitherto no ship has had more 
than four of these large weapons, and although this latest 
vessel will not carry any other pieces except the machine guns 
for warding off torpedo attack, her fighting power will be far 
in excess of that of her predecessors. Prior to the vessels of 
the King Edward class the usual armament for British battle- 
ships was four 12-inch guns and ten or twelve 6-inch quick- 
firers, the collective muzzle energy of the sixteen guns being 
about 210,000 foot tons. In the Azmg Edward class an im- 
provement was made by adopting four 9.2-inch guns in addi- 
tion to four 12-inch and ten 6-inch weapons. This increased 
the muzzle energy of the guns collectively to about 275,000 
foot tons. In the Zord Ne/son class the 6-inch weapons were 
eliminated and four 12-inch and ten 9.2-inch adopted. At the 
same time it was decided to increase the length and power of 
each weapon, so that the total muzzle energy from one round 
from all the guns became 433,000 foot tons. Now the 9.2- 
inch gun is discarded and only 12-inch weapons installed, and 
the ten of these together will give an energy of 480,000 foot 
tons. This change, it is pointed out, simplifies the arrange- 
ments for ammunition on board and at naval bases, so that 
after action a ship can easily get a new supply. The battle- 
ships will be of 18,000 tons displacement, and fitted with tur- 
bine machinery and Babcock & Wilcox boilers of 23,000 
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indicated horsepower, giving a speed of about 21 knots, as 
compared with 19 knots for the ships of the King Edward 
class.—“ Army and Navy Register.” 

Destroyers.—Contracts have now been arranged for the con- 
struction of five sea-going destroyers included in the navy pro- 
gram for the current year, and these vessels will be built, one 
each by Messrs. J. I. Thornycroft, Limited, Chiswick; Sir 
W. G. Armstrong, Whitworth & Co., Limited, Elswick ; 
Messrs. Cammell, Laird & Co., Limited, Birkenhead; Messrs. 
R. and W. Hawthorn, Leslie & Co., Limited, Newcastle-on- 
Tyne; and Messrs. J. S. White & Co., Cowes. These vessels 
are a great advance upon anything that has yet been done in 
torpedo-boat destroyers, as the speed guaranteed, under penalty, 
by the contracting firms is to be 33 knots when the vessels 
are carrying a load of coal sufficient to give them a radius of 
action of 3,000 miles at about 10 knots speed. This condition 
is much more severe than was exacted in the case of the 30- 
knot torpedo boats; and, moreover, the scantlings proposed 
for these high-speed craft will be considerably heavier. It is 
true that speeds of 32 to 33 knots were attempted by one or 
two builders in connection with the 1897-8 program, but the 
highest realized on trial was 313 knots. Even then the boats 
were not required to meet the same stringent conditions as is 
the case with these new 33-knot craft. The boilers are to be 
of the Express type, adaptable for using oil fuel, and the pro- 
pelling machinery in all cases will be of the Parsons turbine 
type, with arrangements similar to those in the Amethyst, 
where special turbines were fitted for low-speed cruising. The 
displacements of the boats will average over 800 tons, so that 
very considerable power will require to be developed to attain 
the speed. It may be noted that the 30-knot destroyers were 
from 300 to 360 tons displacement. When the scantlings 
were increased for what is now known as the “ River’? class, 
the displacement was increased from 525 to 550 tons; but 
the speed was. reduced to 25} knots, under the same fuel- 
capacity conditions as in the new boats. It will therefore be 
seen that the new vessels will mark a great step in speed, and 
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the contracts carry with them corresponding responsibilities. 
It is the intention to order later an experimental destroyer, 
which it is expected will have a speed of 36 knots.—“ Engi- 
neering,” London. 

Submarine A8—Accident to.—Another deplorable disaster 
to a submarine occurred at Plymouth on June 8th, when 
A8, while at exercise for instructional purposes off the break- 
water, foundered without giving any warning to her unfortu- 
nate crew. The conning towers were open, when suddenly 
the bow of the vessel dipped heavily, which caused her to ship 
a large quantity of water through the conning tower, and 
before it was possible to close the conning tower she went 
down.. Lieutenant Candy (the commander), Sub-Lieutenant 
Murdock, and two petty officers, who were on deck at the 
time, were saved; but Sub-Lieutenant Fletcher and nine of 
the crew, who were below, were all drowned. Steps were 
immediately taken to raise the vessel, which was sugcessfully 
accomplished on the morning of June 12th. The finding of 
the courtmartial which was held on the survivors was as 
follows : 

“The Court finds that submarine AS was lost outside 
Plymouth breakwater, about 10.30 A. M., on the 8th June, 
through foundering from water getting in through the open 
conning tower when running at ten knots speed with a. 
buoyancy at starting of six tons and trimmed four degrees by 
the stern, which buoyancy and trim appeared to have altered 
from some unexplained cause, such as the movement of 
weights forward, possibly admission of water, or free water. 
There is no evidence to show which way the diving rudders 
were put, although repeated orders were given to put them 
up. They may, however, have been put inadvertently the 
opposite way to that actually intended. Water having once 
commenced to get into the conning tower and running for- 
ward, she could not recover herself, although the helm was 
finally found hard up. 

“The Court regrets that the officer in command did not stop 
the engines sooner when he realized that his repeated orders 
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to put the diving rudders up had no effect, although expert 
evidence shows there was no reason to anticipate danger in 
running the boat trimmed as at starting, as it appears to have 
been considered impossible for her to dive under these condi- 
tions. The Court, therefore, acquits Lieutenant Algernon 
Hugh Chester Candy and the other survivors of submarine 48 
of all blame for the loss of that vessel.” 

The accident to AS’ is the third to British submarines 
which has been attended with fatal results. In March of last 
year 4z was run down at Spithead, with a loss of eleven lives. 
In February of this year there was an explosion of petrol 
vapor on board 45 at Queenstown, by which four men met 
their death.—‘J. R. U. S. L.” 

Magnificent— Accident on Board.—A serious accident oc- 
curred on board the Magnzficent on June 14th, when at target 
practice off Tetuan, on the Moorish coast, by which an officer 
and four men lost their lives and twelve others were more or 
less injured. It appears there was a miss-fire in one of the 


6-inch guns; the breech of the gun was opened to ascertain 
the cause, when the cartridge exploded, igniting two others in 
the casemate. 


FRANCE, 


Submarines.—In view of the fact, as announced in these 
columns recently, that the French naval authorities have 
recently launched one of the largest submarine boats in the 
world, her displacement being 213 tons, and her engines hav- 
ing 250 horsepower, it is interesting to observe that the French 
are also evolving submarines of so small a type that they can 
be carried on battleships and cruisers, to be placed in the water 
only when needed. One boat of this type, the Volta, now 
under construction, is said to be only 36 feet long. The maxi- 
mum diameter of her circular cross sections, according to the 
“London Times,” is 6 feet 9 inches, and her displacement is 
less than 20 tons. We learn from the same authority that she 
will use electrical power alone, and that her estimated speed 
limit is about eight miles an hour. She is to have a crew of 
three men only and to carry two torpedoes, one slung on each 
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side with suitable detaching gear. It is stated that the pre- 
liminary trials have been successful; and it is to be hoped that 
further information concerning this novel vessel may soon be 
forthcoming. This new type of submarine is being construc- 
ted by private builders under government supervision, and the 
experiment is a matter of keen interest tosubmarine experts in 
Europe. ‘This is the first time a private company has under- 
taken to build a submarine in France, and the attitude of the 
French Admiralty is watched with great interest by all con- 
cerned, as they have not themselves: undertaken the construc- 
tion of similar classes of submarines, but have pursued a 
policy of continuous development in size and cost.—‘Army 
and Navy Journal.” 

Destroyers.—Commenting on the prominence to be given to 
destroyers in the naval program of France, as fifteen of this 
type of vessel are to be put under construction in the French 
shipyards this year, a much larger number than has been laid 
down at one time in any previous year, the “ London Engi- 
neer” says that the introduction of the scout has induced the 
French naval department to turn its attention to the necessity 
of efficiently armoring the new destroyers so as to protect the 
engines and boilers from light artillery at any range, while 
they will be invulnerable to the fire of guns of 76 mm. bore at 
distance from 2,000 m. to 3,000 m. ‘The danger of a destroyer 
being put out of action or sunk by quick-firing guns has been 
so far increased by the superior armament and higher speed 
of the scout that the destroyer can no longer hope for safety 
in flight, and in the opinion apparently of M. Normand, who 
is responsible for the designs of the destroyers, the efficiency 
of these craft can only be maintained by protecting the vital 
parts against such fire as may be brought to béar upon them 
by the scout. In the new destroyers the displacement will be , 
increased from 330 to 450 or, perhaps, 470 tons, so that the en- 
gines, boilers and other vital parts may be protected by armor 
plate 40 mm. to 50 mm. in thickness. The speed will be two 
knots less than that of the 330-ton craft, but they are expected 
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to be more seaworthy in heavy seas.—“‘Army and Navy 
Journal.” 

Farfadet— Accident to.—The French submarine Farfadet 
met with an accident, July 6, at the entrance to the port of Sidi 
Abdallah, Tunis, under the following circumstances: Com- 
mandant Ratier, at the moment of plunging, noticed that one 
of the doors was not closed properly and rushed to try to adjust 
it hermetically. He was too late, the water rushing in with 
force and throwing out the commandant and two men, the 
boat sinking in ten meters and lying in the mud at the bot- 
tom. ‘Twelve men were encased in the boat, and powerful 
tugs and a strong contingent of engineers have been working 
for a week, but without success, to rescue the men and bring 
up the boat. The entombed men, when divers went down on 
July 7, were reported alive in the after part of the submarine, 
and rapped on the inside of the boat to communicate with the 
divers. On July 7 the Farfadet was raised above the surface 
of the water long enough to ascertain that the occupants were 
alive, and fresh air was pumped into the vessel; but when an 
attempt was made to tow her into shallow water she sank 
again. ‘The boat was raised again on July 9, and the impris- 
oned men were reported still alive, but almost on the point of 
suffocation. When the hatch had been got about a yard out 
of the water the crane broke and the boat sank again. A 
second attempt failed to raise the boat, and it was later re- 
ported that the men in her no longer responded to signals. 
The Farfadet, which is 125 feet long, has electric propulsion, 
four torpedo tubes, and has reversible propellers. Her air 
tanks and cabin accommodations are exceptionally good for a 
‘submarine boat, and this is attributed as the reason the pris- 
oners were able to keep alive for so long a time.—‘‘Army and 
Navy Journal.” 

GERMANY. 

New Ships.—An iron clad, officially known at present as 
Q, and a division of torpedo boats, officially known as G7?2, 
G133, G134, G135, Gr36 and Gr37, have been ordered to be 
built in the Germania yards at Kiel. An iron clad, offi- 
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cially known at present as R, is to be built in the Schichau 
yards at Dantzic; an armor-plated cruiser, officially known as 
D, in the Blohm and Voss yards at Hamburg; and a small 
cruiser, officially known as /, in the navy yards at Dantzic.— 
“ Engineering.” 

$124—Accident to.—The German battleship Woerth rammed 
torpedo-boat destroyer S72g in the harbor of Eckernfoerde, 
July 5, cutting her completely in two, and three firemen in the 
boiler room, it is reported, were scalded to death by escaping 
steam. The S72g was one of six torpedo-boat destroyers 
launched in 1904. She was of 420 tons displacement, and 
credited with a speed of 30 miles an hour. 

River Gunboat.—A new river gunboat, which is to be sent 
out to Hong Kong in sections, has been constructed by the 
Schichau firm, Elbing. Her dimensions are as follows: 
Length, 157 feet 6 inches; beam, 26 feet 4 inches; draught, 
2 feet, with a displacement of 168 tons. Her two engines will 
develop together 1,300 I.H.P., giving her a speed of 13 knots. 
Steam will be provided by two Thornycroft water-tube boilers. 
Her bunkers will hold 80 tons. She has a military mast, and 
is armed with one 3.46-inch 30-caliber quick-firing gun, one 
1.97-inch 4o0-caliber quick-firing gun, and three 0.315-inch 
machine guns. Her complement will be fifty-three officers 
and men. Her deck house and sides are protected by a light 
armor of nickel-steel 0.315-inch in thickness.—“ Neue Preus- 
sische Kreuz-Zeitung.” 

$125—77rial of—The trial trip of the torpedo boat S725, 
built at the Schichau Works, Germany, and fitted with tur- 
bine engines, took place off Elbing, June 14. A dispatch 
states that she averaged 27.8 knots per hour for three hours.’ 
Her highest speed rate was 29} knots per hour. Four sister 
boats, fitted with piston engines, averaged two knots per hour: 


less than the $725. 
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Katori—Launch of.—The battle ship Katorz was success- 
fully launched from the works of Messrs. Vickers Sons & 
Maxim on July 4th. A brief description of the vessel follows. 
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The length between perpendiculars is 420 feet, and over all 
455 feet 9 inches; the breadth is 78 feet, and the depth to 
upper deck, 44 feet. The draught in fighting condition will 
be 27 feet, when the displacement will be 15,950 tons. As to 
gun fire—which is the most important element in a ship of 
the line—the Xatorz will mount pairs of 12-inch guns in bar- 
bettes at the forward and aft end of the upper deck. These 
are of the Vickers type, weighing 57 tons, and they will de- 
liver their 850-pound projectiles with a velocity and energy 
which will enable them at six miles range to perforate armor 
9 inches in thickness, and at four miles range to defeat modern 
armor about 13 inches in thickness. There are four 10-inch 
guns, mounted singly in barbettes at each corner of the main 
citadel. The Vickers guns of this type fire a 500-pound shot 
with an energy sufficient to perforate at six miles range armor 
6} inches thick, and at four miles range, 9 inches thick. In 
the armament of the British vessels of the Kimg Edward VIT 
class the guns corresponding to these 10-inch weapons are only 
of 9.2 inches caliber, so that the Japanese ship has a consider- 
able superiority. In addition, the Katorz mounts twelve 6- 
inch guns within a concentrated casemate amidships; each 
gun, however, is entirely separated by armor screens. 

This completes the main armament of the Katorz, One round 
from these twenty main guns represents a collective energy 
of nearly 375,000 foot tons. As the 12-inch guns may fire two 
projectiles per minute, the 10-inch guns three rounds, and each 
6-inch gun ten rounds, the total weight of shot which may be 
discharged in a minute is 24,800 pounds, representing a col- 
lective energy of approximately 1,400,000 foot tons. All four 
12-inch guns may be trained on the broadside. The two 10- 
inch guns and six 6-inch guns are similarly utilisable on the 
broadside, so that one minute’s possible broadside fire is 15,800 
pounds, with a collective energy of over 900,000 foot tons. As 
two 12-inch guns, two 10-inch guns and two 6-inch guns may 
be fired ahead, the vessel may maintain a very hot pursuit, 
discharging per minute four projectiles of 850 pounds, six 
of 500 pounds, and twenty of 100 pounds. 
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For the repelling of torpedo attack there are mounted, in 
protected positions in various parts of the ship, twelve 12}- 
pounder, three 3-pounder and six Maxim guns. Finally, the 
Katori has five submerged tubes for the firing of 18-inch 
torpedoes. 

The armor on the new ship is arranged on the system first 
introduced into the M/zkasa, ten of the 6-inch guns being in a 
concentrated casemate amidships instead of in a series of 
separate casemates. The whole of the broadside, from some 
distance below the water line to the upper deck, is armored. 
The main belt is 9 inches, reduced gradually to 4 inches to- 
wards the stem, and to 3} inches at the stern. The minimum 
thickness of the upper parts of the broadside armor is 6 inches. 
Armored bulkheads are carried across the ship at the forward 
and aft ends of the citadel. Ten of the 6-inch guns are placed 
within this 6-inch armor, but each is isolated from its neigh- 
bors by transverse and longitudinal armor bulkheads. On the 
upper deck there has been constructed for the two remaining 
6-inch guns a special armored battery. These guns have a 
very advantageous position for dealing with torpedo attack. 
The 12-inch gun barbettes have armor 10 inches in thickness 
generally, and those for the 10-inch guns have 6-inch armor. 
The ammunition hoists of all the guns are armored. 

The third element in design has reference to the speed, and 
in this case the specified rate is 184 knots; but as the Wkasa 
very considerably exceeded her designed rate, it would not be 
surprising if in this case also 19 knots is realized. The pro- 
pelling machinery is of the type now usually adopted in battle- 
ships, there being two sets of four-cylinder triple-expansion 
engines, balanced on the Yarrow-Schlick-T weedy system. The 
high-pressure cylinder is 354 inches, the intermediate 56 
inches, and the low-pressure cylinders each 63 inches in diam- 
eter, the stroke in all cases being 48 inches. It is anticipated 
that with 120 revolutions per minute and steam at 200 pounds 
pressure, the engines will develop 16,000 indicated horse- 
power. ‘The steam pressure at the boilers is to be 230 pounds 
per square inch. The engines are designed to turn the pro- 
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pellers inwards when going ahead, and the starting platform 
is in the center of the ship. Wrought-steel columns form the 
supports of the cylinders, which are independent castings, 
while the back supports are of the ordinary cast-iron A-frame, 
with ample slipper-guide surfaces. This gives a fine, open 
engine. Stephenson link motion is adopted for working the 
valves, which are of the piston type on the high-pressure and 
intermediate cylinders, and of the double-ported flat design 
on the low-pressure cylinders. The crank shaft is in two 
interchangeable pieces, and the propeller shaft is 18 inches 
in diameter, with a 1o-inch hole. The propellers liave four 
blades, the diameter being 17 feet 3 inches; they are made 
entirely of bronze. There are four condensers, placed in the 
wings of the ship, the collective cooling surface being 17,000 
square feet. As to the boilers, these are of the latest improved 
Niclausse type, twenty in number, located in three separate 
boiler rooms. The heating surface is 44,000 square feet—a 
ratio of 2.75 square feet per indicated horsepower. ‘The total 
grate area is 1,334 square feet. There is, of course, a com- 
plete system of pumps, with the addition of independent air 
pumps, which are now almost universally adopted in connec- 
tion with large high-power marine installations. 

The total coal capacity is 2,100 tons, which will give the ship 
a high radius of action. Special attention has been given to 
the ventilation and general comfort of the living quarters of 
the ship. The thermo-tank system of ventilation has been 
fitted for the cabins and crew spaces, and for ventilating and 
cooling the magazines and shell rooms. A complete system 
of steam heating is adopted for the officers’ quarters and crew 
spaces, and electricity is used in connection with ventilation 
as well as for lighting the ship. The vessel will have a total 
complement of 980 officers and men. 

—“ Engineering,” London. 


PERU. 


The Peruvian Government has placed an order with Messrs. 
Vickers, Sons & Maxim for a cruiser of 24 knots speed closely 
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resembling, but slightly larger than, the scouts Sentinel and 
Skirmisher, which were built by the company for the British 
Navy. 

RUSSIA. 

New Ships.—The Russian battleship Andret Pervozvannyt, 
of 16,630 tons, was launched at the Galerny Island yard, St. 
Petersburg, recently, and a sister ship, the Pavel /, is in hand 
in the Baltic yard. A great deal of uncertainty surrounds the 
new Russian ships, but a number are building from funds 
raised by private subscriptions. One of these, the torpedo 
cruiser Dobrovoletz, was launched at the Putiloff yard on June 
11. The “Yacht” says that Russia is preparing to build, or 
actually building, three armored cruisers of the Bayan class— 
the Admiral Makaroff, Pallada and a new Bayan, as also four 
gunboats of the Gylzak class, named after the vessels lost— 
Gyliak, Korietz, Sivoutch and Bobr. ‘Ten river gunboats are 
also mentioned—the Oratschanin, Mongol, Buriat, Sabotka- 
letz, Sibiriek, Koreia, Kirgis, Kalmuk, Amuretz and Ussu- 
rietz; two destroyers of 300 tons, the Lzetnant Melejeff and 
Inzhener Mechantk Anastasoff. In addition to these the names 
of twenty other destroyers are given, some of them being those 
of destroyers lost in the present war, and others named after 
officers who have distinguished themselves—Captain Juras- 
sovky, Lieutenant Sergeieff, and Engineers Sverieff and 
Dmitrieff.—“Anny and Navy Journal.” 


SWEDEN. 


Magne—Launch of.—The torpedo-boat destroyer Magne, for 
the Royal Swedish Government, was launched on Wednesday, 
August 2d, from Messrs. Thornycroft’s Church Wharf Works. 
She is a vessel of the Shzrakumo type, which has proved so 
successful in the present Russo-Japanese War. Her guaran- 
teed speed is 30} knots, to be maintained for three hours with 
a load of 55 tons on board. ‘The vessel is 219 feet 9 inches 
long over all, 20 feet 9 inches beam, and has a draught of 8 
feet 3 inches at the screws. The machinery, which is over 
7,200 indicated horsepower, consists of two sets of four-cylin- 
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der vertical triple-compound condensing engines and four 
Thornycroft water-tube boilers, worked under forced draft 
on the closed-stokehold principle. The bunkers have a 
capacity for 80 tons of coal, giving a radius of action of 2,800 
nautical miles at a speed of 15 knots per hour. The arma- 
ment consists of six 57-millimeter quick-firing guns—one 
mounted on the conning tower, one aft, and four on the broad- 
side. There are also two 45-centimeter revolving torpedo- 
tubes. The boat is extensively sub-divided into watertight 
compartments by transverse bulkheads and watertight decks 
under the living spaces.—‘‘ Engineering,” London. 
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Viking.—The new turbine steamer zkzng, built for the 
Isle of Man Steam Packet Company by Sir W. G. Armstrong, 
Whitworth & Co., completed her trial the latter part of June. 

The principal dimensions are: Length between perpendicu- 
lars, 350 feet; length over all, 361 feet; breadth, extreme, 42 
feet; depth to main deck, 17 feet 3 inches; depth to shelter 
deck, 25 feet 3 inches. 

The subdivision of the vessel into watertight compartments 
has received special attention, and the principle has been car- 
ried so far that the ship will float with any two compartments 
full of water. The vessel has been built to Lloyd’s require- 
ments, and to conform with all the rules of the Board of Trade 
for a passenger certificate. To meet the special requirements 
of this trade she is designed to carry a very large number of 
passengers—nearly 2,000—and to afford them ample accom- 
modation in the way of promenade space, together with exten- 
sive facilities for refreshment in the shape of numerous dining 
saloons and bars. Her shelter deck extends uninterruptedly 
from stem to stern, a length of 361 feet, and above it is a big 
promenade deck, about two-thirds this length, which is carried 
out. to the ship’s sides, and is thus 42 feet wide at its broadest 
point. The first-class accommodation is aft and the second- 
class forward, the middle part of the ship being mainly occu- 
pied by the boilers and engine room. ‘The main, upper and 
shelter decks are continuous, except in way of the engine and 
boiler rooms. 

Abaft the main entrance hall, on the shelter deck, there are 
four private cabins and a tea room, close to which there are 
two of the companion ladders leading to the promenade deck 
above. 

The main saloon is the full width of the vessel, and is 
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lighted by skylight and large rectangular windows at the sides. 
The woodwork is in dark oak, and a series of black-and-white 
reproductions of famous pictures, by well-known artists, forms 
a pleasing contrast with the dark tones of the somewhat severe 
paneling, which is also broken by the deep-set window open- 
ings, and relieved by a simple carved design. ‘The entrance 
hall is paneled in oak, of the same tone as the main saloon, 
combined with blue and white Dutch tiles. 

The ladies’ room is entered through folding doors on the 
port side of the main saloon. It is paneled in sycamore in 
simple style, and is lighted by large windows in the ship’s side 
and by the large light and air trunk which leads to the dining 
saloon on the deck below. A large lavatory opens off the 
ladies’ room. 

At the after end of the main saloon a stairway leads down 
into another saloon, where accommodation is provided for 
those who wish to lie down. 

The dining saloon is entered by means of a stairway along- 
side the main entrance to the saloon. It provides seating 
accommodation for about 100 people, and is decorated with 
oak paneling. The usual pantry arrangements, with hot 
plates, lift to the galley, &c., are provided, and all the acces- 
sories required to make the service in this department as ex- 
peditious as possible. 

The first-class smoking room is on the shelter deck, and is 
entered by doors placed just forward of the stairway from the 
shelter to the upper deck. 

The second-class accommodation is at the forward end of 
the vessel, and consists of two large general saloons, one of 
which is arranged for dining, and a ladies’ saloon. Lavatory 
accommodation is provided in convenient places throughout 
the vessel. 

The propelling machinery consists of three sets of turbines 
manufactured by the Parsons Marine Steam Turbine Company. 
The high-pressure turbine is in the center, with a low-pressure 
turbine on each side. The surface condensers are in the 
wings at the after end of the engine room, with the centrifugal 
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circulating pumps close alongside them. Two large inde- 
pendent air pumps, of Messrs. Weir’s make, are fitted conve- 
niently near the condenser, and discharge into a large feed 
tank, whence the feed water is led to the automatic float-con- 
trol tank, and so to the two feed pumps, which are also of 
Messrs. Weir’s make. These pumps discharge to the boilers 
direct, or through an exhaust feed heater on Parsons’ patent, 
which gave very satisfactory results on the trials. The 
Parsons’ patent vacuum augmenter is fitted in connection 
with the main condenser, enabling a high vacuum to be 
maintained. The lubrication of the bearings is effected by 
means of an oil-circulating pump, which drives the oil, under 
considerable pressure, through all the bearings, and into a cool- 
ing and filtering apparatus on its way back tothe pump. The 
stern-way turbines are arranged as usual within the low-pres- 
sure casings, and revolve idly zz vacuo while the vessel is 
steaming ahead. The three shafts are of Armstrong-Whit- 
worth Openshaw steel, and the propellers of a special bronze 
mixture worked up to a highly-polished surface. 

Steam of 160 pounds pressure is supplied by four double- 
ended boilers, 15 feet in diameter and 19 feet 6 inches long, 
- placed in two boiler rooms separated by a watertight bulkhead. 
The stokeholds are arranged for forced draft, and the air is 
supplied by four fans placed in a separate compartment on the 
shelter deck, and communicating with the stokeholds by means 
of straight air trunks. An emergency exit from each boiler 
room is arranged through the air lock into the fan room. The 
funnels are fitted with outer casings which are utilized as 
upcast ventilators, and for this purpose are connected to com- 
partments in various parts of the ship. A spark arrester, 
Messrs. Denny & Brace’s patent, is fitted in each funnel. The 
result of its trial was most satisfactory, as there was no sign of — 
sparks or cinders when running at the maximum speed. The 
whole of the stokehold and boiler-feeding arrangements were 
carried out by the Wallsend Slipway and Engineering 
Company. 

Two sets of trials were carried out, irrespective of the 
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builder’s preliminary test. The first official trial took place 
over the measured mile off the mouth of the Tyne, under 
somewhat unfavorable weather conditions. There was a fresh 
northeasterly breeze and from 2 feet to 3 feet of sea. The air 
pressure in the stokeholds did not exceed }-inch water column, 
and no attempt was made to develop the maximum power of 
the boilers. On June 14 the vessel was taken to sea for an 
extended trial. A course was set from Souter Point to Flam- 
borough: Head, 68.277 nautical miles, and the distance was 
traversed in both directions, care being taken to eliminate, as 
far as possible, the effect of the tide. The southward run was 
made at a speed of 23.684 knots, and the northward at 23.375 
knots, or a mean speed over the whole distance of 23.53 knots. 
The vessel was kept at full speed for nearly seven hours. 
Although the power developed on this trial was higher than 
on the preliminary trials, there was very considerable reserve 
in the boilers. 

The maneuvering qualities of the ship are very favorable. 

Wm. E. Corey—Launch of—The steamer Wm. £. Corey, 
building for the Pittsburg Steamship Co., was launched from 
the South Chicago yard of the American Shipbuilding Co. on 
June 24th. 

The Corey is the second of the quartet of giant steamers 
building for the Pittsburg Steamship Co. to be launched. She 
differs from the others only in cabin arrangement. The other 
three ships have no passenger accommodations whatever, hav- 
ing only one spare room to accommodate an occasional repre- 
sentative of’ the company. The passenger accommodations 
of the Corey, however, are quite complete, the staterooms, five 
in number, being decorated in birch and enameled white, each 
stateroom having a private bath. There is also an observation 
room on the forecastle deck with unusually large windows. 
This room is decorated in Circassian walnut. The passenger 
accommodations, of course, include a private dining room. 
The Corey is, of course, the flagship of the fleet. 

The Corey and her sisters offer further testimony to the 
originality of design now marking the evolution of shipbuild- 
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ing on the lakes. They are in a number of features unlike 
any ships built or building. In the first place, they are the 
longest on the lakes, being nine feet longer than the Augustus 
B. Wolvin, or 569 feet over all, 549 feet keel, 56 feet beam and 
31 feet deep. While the general principle of construction is 
the same as their predecessors, in the absence of stanchions 
and stringers or any interference below deck with the unload- 
ing machines, the vessels are not of arch construction. Mr. 
Colby, after consulting a number of authorities, concluded 
that an arch was primarily intended to support weight from 
the top, and that a more rigid longitudinal construction could 
be secured by a straight girder across the deck. 

The construction of the cargo hold also is a departure from 
anything at present on the lakes. The cargo hold descends 
in a straight line from the deck until within 9 feet of the 
tank top, when an inner hold or hopper is constructed 9 feet 
from the skin of the ship and descends to the tank top. The 
top of the hopper is joined to the skin of the ship by an incline 
construction, thus avoiding what would otherwise constitute a 
shelf and also preventing any lodgment of ore. ‘The water 
bottom is 5 feet 6 inches deep, and is used for water ballast 
in conjunction with a 9-foot space formed by the hopper and 
the sides of the ship. This construction gives enormous water- 
ballast capacity, approximating 8,500 tons, making the steamer 
navigable in all sorts of weather and providing extraordinary 
rigidity in the longitudinal section. The hatches number 
thirty-four, and are spaced 12-feet centers, the hatch covers 
being operated by the Brosseau device, enabling the hatches 
to be opened or closed from a central station. These ships 
are designed for a carrying capacity of 10,000 tons, but when 
favored with deep draught their actual cargoes are likely to be 
considerably in excess of this figure, as has already been proved | 
by the initial trip of the Gary. 

The engines are triple-expansion, with cylinders 24, 39 and 65 
inches diameters by 42 inches stroke, supplied with steam from 
. two Scotch boilers, 15 feet 44 inches diameter by 11 feet 6 
inches long, fitted with Ellis & Eaves induced draft and 
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allowed 170 pounds pressure. It is interesting to note that 
this is precisely the engine equipment of the J/ano/a, which 
was built by Pickands, Mather & Co. in 1890, and which was 
at the time the largest carrier on the lakes. The Manola 
would carry in a full season 68,000 tons of ore. The Corey 
will carry on an equivalent number of trips over 225,000 tons 
of ore with the same fuel consumption. It is clear from these 
figures that the economical carrier is the single steamer of 
large carrying capacity and low power. The day of the con- 
sort is past.—Extract from “‘ Marine Review.” 

The Fore River Shipbuilding Company, Quincy, Mass., 
closed a contract with the Southern Pacific Railway for a 
freight and passenger steamer for the Morgan line, to be fitted 
with twin screws and Curtis turbines. The boilers will be 
supplied by the Babcock & Wilcox Company. The principal 
dimensions of the new steamer will be as follows: Length over 
all, 440 feet 6 inches; length between perpendiculars, 415 
feet 8 inches; beam, molded, 53 feet; depth molded to upper 
deck at side, 37 feet; depth molded to main deck at side, 29 
feet ; deck molded to lower deck at side, 20 feet 3 inches; 
height between saloon deck and upper deck, 7 feet 9 inches ; 
height between promenade deck and saloon, 7 feet 6 inches ; 
height between saloon deck and boat deck, 7 feet 6 inches; 
length of the amidship superstructure, about 182 feet; dis- 
placement, loaded, about 10,000 tons.—‘ Marine Review.” 

Turbine Steamers.—The W. & A. Fletcher Company, of 
Hoboken, N. J., has recently secured the contract for three 
turbine steamers. One of these, with 5,000 horsepower mo- 
tors, is for the Eastern Steamship Company, and is intended 
for service between Boston, Mass., and Halifax, N.S. The 
others, of 10,000 horsepower each, are for the Metropolitan 
Steamship Company; they will run from New York to 
Boston. 

Onward.—This turbine steamer, built by Messrs. Wm. 
Denny & Bros., Dumbarton, to the order of the Southeastern 
and Chatham Railway Co., proceeded to sea on her-official 
trial trip. On the mile a mean speed of 22.54 knots was ob- 
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tained, a record speed for passenger turbine steamers, whilst 
with the turbines reversed there was a backward speed of 154 
knots. This latter feature, combined with the increased ahead 
speed, will mean a considerable saving of time in the channel 
passage. The official trial trip of the vessel consisted of a 
continuous run of six hours, when everything worked satis- 
factorily. 

Invicta.—This turbine steamer, built by Messrs. Denny 
Bros., Dumbarton, to the order of the Southeastern and Chat- 
ham Railway Co., proceeded to sea on her official trial trip 
recently. On the measured mile at Skelmorlie her mean 
speed for a double run was 22.935 knots, or practically 23 
knots. The contract condition was that one of the boilers 
should be out of action—that is to say, five-sixths of the boiler 
power was to be available—and under these conditions the 
speed attained was 21.85 knots. During this trial, too, the 
electric machinery, which is driven by a small steam turbine, 
was working at test pressure. Asthe guarantee speed for the 
four-hours’ run was 21 knots, this trial also proved most satis- 
factory to the builders. The /zvzcta’s turbines and auxiliary 
machinery, as well as the boilers, were constructed and fitted 
on board by Messrs. Denny & Co. 
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CAPTAIN THEODORE F. BURGDORFF, U. S. NAVY 
(RETIRED). 

It is with regret that we announce the death of Captain 
Theodore F. Burgdorff, U. S. Navy (Retired), a member of this 
Society, at the U. S. Naval Hospital, Philadelphia, Pa., on \ 
July 29, 1905. 

Captain Burgdorff was born on November 22, 1854, at 
Newark, N. J. He was appointed a Cadet Engineer ta the 
U. S. Naval Academy in 1873, was graduated in 1875, and on 
July 1, 1877, was commissioned an Assistant Engineer in the 
Navy. 

On June 22, 1886, he was promoted to Passed Assistant En- 
gineer, and to Chief Engineer on February 26, 1897. Upon 
the passage of the Naval Personnel Bill, March 3, 1899, his 
rank was changed to that of Lieutenant Commander, and on 
September 30, 1904, he was promoted to Commander. 

Shortly before his death Captain Burgdorff made applica- 
tion for voluntary retirement, and on June 30th was placed 
on the retired list of the Navy with the rank of Captain. 

His first cruise was made on the Swa/ara, at the expiration 
of which he was detailed for duty in the Bureau of Steam 
Engineering ; after a cruise on the Wzpszc, he was again ordered 
to the same Bureau. 

Captain Burgdorff afterwards served on board the /roguozs, 
Thetis, Oregon and Monadnock ; in 1903 and 1904 he served 
as Fleet Engineer of the South Atlantic Station on board the 
flagship Newark. 

He was at various times detailed for duty on shore at the 
New York and Mare Island Navy Yards, and was for several 
years the Instructor of Engineering at the University of Ten- 
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Upon the completion of his cruise on the Newark, in Octo- 
ber, 1904, he was ordered to inspection duty under the Bureau 
of Steam Engineering, and remained upon this duty up to the 
time of his death. 

Captain Burgdorff ranked high in his profession, and in his 
death the Society and the Naval service have suffered a dis- 
tinct loss. 
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THE NAVAL POCKET BOOK FOR 1905.—By Sir W. LAIRD 
CLowEs, London; W. THOCHER & Co., 2 Creed Lane, E. C. 
Price, 6d. net. 

This little book contains, in convenient form, much valuable 
information concerning the navies of the world. 

Having been before the public for ten years, there i is little 
need for further recommendation. 

The following is a summary of the contents, the informa- 
tion given being brought up to date: Calendar and Naval 
Remembrances, 1905, Classification of Ships, Comparative 
Summary of the Fighting Fleets, Classified List of the Navies 
of the World, Guns and Small Arms, Notes on Torpedoes, 
Naval Personnel and Comparative Rank, Retiring Ages in 
European Navies, List and Particulars of Dry Docks, Mis- 
cellaneous Tables, Trial-Trip Tables, Plans of Ships. 
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